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AFIT/GE/EE/82D-43

Abstract

An analog computer simulation was used to model the

roll dynamics of the generic aircraft which had been evalu-

ated on the variable stability NT-33A ,iicaft. Sum of sine

waves and random step functions were used as the two differ-

ent command signals. The purpose of this study was to deter-

mine what effect the nature of the command signal had on the

pilot rating of the task simulation.

The experiments consisted of four en different tests

for each command signal. Five pilots, witt varied flying

experience, were instructed to follow the command signal in

a pursuit flying task. The system time delay was varied from

0.1 to 0.8 seconds. The highest frequency component of the

input signal was 2.54 radians/second. The subjects used a

control stick while looking at an oscilloscope displaying

the command signal and the subjects's response. RMS error,

time on target, and the Cooper-Harper rating scale were used

as performance measures.

The experiments showed that the subjects considered

the sum of sine waves task closer to an actual flying task.

In addition, as the time delay was decreased, the subjects

preferred K/s-like dynamics.

x
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I

EXPERIMENTAL TESTING OF

FLYING QUALITIES THEUIES

I. Introduction

Background

The increasingly complex control systems of modern

fighter aircraft have resulted in closed-loop system dyna-

mics substantially different from traditional flight dyna-

mics. Because of these differences, it is nearly impossible

to accurately predict pilot-aircraft performance and pilot

rating for many of the aircraft/cont:ol systems now being

tested or designed. The small data base on handling quali-

ties of modern aircraft (or high-order systems) compounds

the difficulty. Traditional aircraft flight dynamic charac-

teristics for favorable pilot ratings on different levels of

flying quality are contained in the old Military Specifica-

tion, MIL-F-8785B. However, because the modern system dyna-

mics which increase the aircraft capabilities and add to its

complexity, the criteria in that Military Specification arc

not adequate to evaluate or predict the the flying qualities

of modern aircraft/control systems (Ref 2). This situation

provided the motivation for the simulations reported in this

thesis, as well as the revision to the Specification,

MIL-F-8785C (Ref 1).

Current aircraft modeling concepts can shed some
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light on predicting the flight qualities of new aircraft by

man-in-the-loop simulations. One can place a pilot in a sys-

tem simulation programmed with the proper aircraft equations

of motion and control systems dynamics where the pilot-

aircraft performance can be observed.

Two, of many, previous studies were done for the Air

Force Wright Aeronautical Laboratories/Flight Dynamics Lab-

oratory (AFWAL/FDL) by the Calspan Advanced Technology Cen-

ter using the USAF/Calspan variable stability NT-33A air-

craft. The NT-33A is a test bed used to study the effects of

different control system dynamics (Refs 2; 3).

Up until the recent NT-33A studies (Refs 3; 5), the

prevailing theory was that K/s-like dynamics are the ideal

transfer function. Earlier studies with the NT-33A suggested

similar conclusions. However, very little data were avail-

able to reach a definite conclusion. The origin of using

ideal dynamics represented by the simple transfer function

K/s was obtained during ground-based compensatory tracking

tasks using a sum of sine waves signal for the input. A com-

pensatory tracking task is one where the subject sees only

the system error and tries to correct this error. The recent

NT-33A experiments, however, used a pursuit task in an air-

borne flight with step inputs. A pursuit task shows both

command signal and aircraft position, the difference between

the two is the error. The purpose of this thesis is to use a

ground-based experiment to evaluate the differences in ex-

perimental conditions.

2
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The Air Force WriLht Aeronautical Laboratories,

(AFWAL) Wright-Patterson AFB, is interested in this research

for possible application to future specifications.

Problem

AFWAL desires the simulation of the dynamics used in

the NT-33A duplicated in the laboratory and a comparison of

these ground results with the actual flight data. The speci-

fic tasks required are:

1. Determine the effect thz,. 'i:c type of

tracking command (random vs. step) has on

the pilot rating during a roll tracking task

with various roll time constants.

2. Determine the effect of stick sensiti-

vity (gain) on pilot rating for these same

cases.

3. Develop a data base of simplified low

order equivalent system results that can be

used to predict the handling qualities for

high order models in the pitch axis.

Scope

The experiment is concerned only with studying the

flying qualities of the dynamics used in the NT-33A air-

craft as simulated on the Electronic Associates Incorporated

(EAI) 2000 Analog Computer. The roll task has two different

inputs. The first test examines the roll task with a sum of

sine-waves input. The other test uses a random square wave

3



input. The pitch task uses only the sum of sine waves as an

input.

Three performance measures as. used. The Cooper-

Harper Pilot Opinion Rating Scale (Fig 1) is be the sub-

jective performance measure, while RMS error and time on

target are the objective per'formance measures. A per-

formance measurement is an evaluation of how well a system

operates (i.e., how well the output follows the input or how

small the error can be maintained over a given period of

time).

Assumptions

1. The Aeronautical Systems Division (ASD) EAI 2000

Analog computer will be a good representation of the dyna-

mics simulated with the NT-33A.

2. The volunteer pilots will hc a good representa-

tion of USAF "line" pilots.

Approach

The pitch (Ref 7) and roll (Refs 3; 5) equations

were provided by AFWAL. Chapter II discusses the experimen-

tal approach and how the equations were implemented on the

EAI 2000 Analog computer. Chapter III presents the results,

problems encountered during the simulation, and observa-

tions. Chapter IV presents conclusions and further recommen-

dations resulting from this study. Tue appendices contain

additional pertinent information and tabulated results.

4
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DEFINITIONS FROM TN-D--5153

COMPENSATION PEI~li-ORMANCE
The measure of additional pilot effort The precision of control with respect to
and attention required to maintain a aircraft movement that a pilot is able to
given level of performance in the face of achieve in performing a task. (Pilot-
deficient vehicle characteristics, vehicle performance is a measure of

handling performance. Pilot perform-
HANDLING QUALITIES ance is a measure of the manner or

Those qualities or characteristics of an efficiency with which a pilot moves the
aircraft that govern the ease and preci - principal controls in performing a task.)
sion with which a pilot is able to perform
the tasks required in support of an air- ROLE
craft role. The function or purpose that defines the

MISSION primary use of an aircraft

The composite of pilot-vehicle functions TS
that must be performed to fulfill opera -
tional requirements. May be specified for The actual work assigned a pilot to be
a role, complete flight, flight phase, or oerformed in completion of or as repre-
flight subphase. sentative of a designated flight segment.

WORKLOAD$
The integrated physical and mental eltirt required
to perform a specified piloting task.

Fig 1. Cooper-Harper Pilot Rating Scale
(Ref 3)
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II. Experimental Approach

General

This thesis documents the experimental study of the

dynamics of the roll and pitch axes of conventional aircraft

(Fig 2). The roll task will have two alternate inputs, a sum

of sine waves and a random step function. The pitch task

will deal only with the sum of sine waves input. All experi-

ments took place in Building 676, the Aeronautical Systems

Division (ASD) computer center. The roll and pitch equations

were simulated on the EAI 2000 analog computer. A control

stick obtained from bench stock was used (Fig 3). The stick

was free to move in both the pitch and roll axes. More de-

tailed information on the stick is found in Appendix A. The

stick was used by the pilot to follow the command signal in

a pursuit environment. Only one axis of the stick was used

per task. The command and stick signals were displayed on a

dual trace Tektronics oscilloscope, type 454 (Fig 4). The

flying W represents the pilot's simulated aircraft. The

pilots were instructed to maintain minimum error between the

command signal and the flying W (Fig 5).

Experimental Setup

The simulation was performed on the EAI 2000 analog

computer. Figure 6 shows a simplified block diagram of the

system. The analog circuitry of the system (see Appendix B)
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was installed on the EAI 2000 in the normal fashion with

output displayed on the oscilloscope. The pilot was in-

structed to minimize error by moving the control stick in

the proper direction. All runs were timed for 90 seconds.

The RMS error and time on target were monitored and kept on

MODCOMP Classic IV hook-up.

Simulator

Figure 7 shows the simulator setup for this experi-

ment. It consists of a flat chair (no wheels), the stick,

and a dual trace oscilloscope. The stick polarity was set

similar to an aircraft stick. Force applied away from the

subject caused the W to move down and vice versa. Since the

simulation was flown one axis at a time, it would not be

possible to perform roll and pitch motion at the same time.

For each task the pilot was given several practice runs

until he felt comfortable with the task and apparatus. Dis-

tance between pilot and scope varied with the pilot con-

cerned. On the average, the distance was two feet from the

head of the pilot to the oscilloscope. All the pilots used

the stick as a center stick.

Aircraft Equations

The roll equation used is the same used by Monagan

(Ref 3). The pitch equation came from NASA contractor report

CR-2144 (Ref 7). The equations are shown below.

Roll equation:

7



S K (1)
As s(s + 1/,[ R )

Pitch equation:
1

e K S e (2)

AS + 2 sS I1
sp W

Pade's approximation for e- T was used in the pitch

simulation. Xli analog circuit drawings appear in Appendix

B.

Pade's approximation:

e-s 2 -rs (3)

Command Signals

The sum of sine waves command signal is similar to

the one used in AFFDL-TR-65-15. This experiment uses six

different sine waves because of equipment limitations. The

frequency components for the sine wave are shown in Table 1.

Each sine wave had a peak voltage of one volt to ensure the

command signal would not go off the face of the scope (6

volts). This signal was used for roll and pitch.

The random step function used the sum of sine wave

signal as both a trigger to start the random appearing step

and set the value for the step voltage. A more detailed ex-

planation of both circuits appears in Appendix B.
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TABLE 1

Sum of Sine Waves

(Ref 4)

0 i n

0.262:rad/sec

0.393

0.602

0.969
1.49
2.54

Presentation of Task

During a tracking task the pilot is aware of two

parameters, his position and the target's position. A dif-

ference between the two positions is an error. The pilot

task is to minimize the error. In thi. simulation, the com-

mand signal is a horizontal line on the scope. The command

signal in the pitch axis moves up or down and will not go

off the face of the scope. For the roll task, the command

signal rotated 34 degrees left or right on the scope because

of equipment limitations. A typical presentation of bothi

tasks is shown in Fig 4. To correct the pitch error dis-

played, the pilot must pull back or push forward on the

stick, causing the W to rise or fall and follow the command

signal. To correct the roll error, the pilot must push the

stick toward the left or right, which will make the W rotate

in the direction of the command signal.

During the first roll tests, pilots were confused as

to which signal was which when the W and command signals

were superimposed. To eliminate this confusion, the signals

9



were separated by two divisions on the scope face. This con-

fusion did not occur in the pitch task.

A normal run began with the cc..,1nlLd and W lines hor-

izontal on the scope face, with no initial conditions. The

pilots were instructed to keep the error at zero for 90 per-

cent of the time for as long as possible. When the pilot was

ready, the computer operator started the command signal.

Then the pilot began tracking his target. The data variables

monitored were command signal, stick output (6), error,

pitch or roll rate, RMS error and time on target. RMS error

and time on target were read on a digital printout, while

the other signals were on a strip chat. Each run was 90

seconds long. Figure 7 shows a typical strip chart recording

for the experiment.

The Gathering of Data

Once the position of the stick and scope were ad-

justed for the comfort of the pilot, a training period

began. A training period consisted of as many runs as the

pilot wished, usually three to five runs. This allowed for

further adjustment of the stick, scope and chair, as well as

familiarity with the task involved. The testing began when

the pilot was ready.

The roll task consisted of fourteen runs. These

runs were made up of four sets of three runs and one set of

two runs. During each set of runs, TR would remain the same

and stick gain would vary. For the last run of each set, the

10

, * .t.



subject was asked if the task could be improved. If so,

which run was preferred. Should the stick act more like task

A, task B, or someplace in between? The subject would then

fly a 4S-second test run. This allowed him to judge if the

stick characteristics were improved. This testing procedure

continued until optimum performance of the system was

reached. Then the subject would fly the new system for a

recorded 90 seconds.

At no time did the subject know what parameter had

changed. He only knew the stick would handle differently,

and his preference was used to improve the system. After

completing each run, the subject was asked for comments and

a Cooper-Harper rating for the task. He was reminded not to

rate himself, but the task.

To present the tasks in a random fashion, all sub-

jects were started on a different set of tasks. For

instance, SF began the roll task with sum of sine waves test

one and ended with test fourteen. DS started with sum ot

sine waves test four and ended with test three. This allowed

for a randomized test. Table 2 lists the parameters tested

(Ref 3). However, these parameters were not actually tested

due to an error. The details are discussed in Chapter 1II.

The pitch task was cancelled due to problems with

the simulation. The details are also discussed in Chapter
i III.

11



TABLE 2

Parameters and Values
(Ref 3)

Variable Tested Parameter

R .1, .15, .25, .45, .8
sec

-SS 10, 25 Set by Pilot

AS (deg/sec)/lb

ROLL

Fi

Fig 2. Pitch and Roll Axes
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Fig 4. Oscilloscope Display

command
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PITC4 TAS%46t TASK

Fig 5. Task Displays
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Fig 6. System Block Diagram

Fig 7. Simulator
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III. Experimental Results

This chapter contains the data from all the experi-

mental runs with the five subjepts. The probleis, observa-

tions and results are also presented and discussed.

Pitch Task

The pitch task was never accomplished due to a stick

"bobble" which appeared in the scope display during the ini-

tial tests. A bobble is a continued movement of the subject

response (W) when no force is applied. The subjects noticed

that the W on the scope would make a slight downward move-

ment after the desired response was complete. This problem

was later traced to the simulated pitch equation. The con-

nections to the control stick were interchanged to allow the

pitch axis to be connected to the roll equation and vice

versa. After the connections were made, the pitch display

had no bobble but the roll did. This procedure eliminated

the control stick as the problem, leaving the simulation

equation as the source of the bobble.

As a result, the roll tests were continued while

iittempting to solve the problem with the pitch equation.

This problem was very disturbing since the equation is an

actual description for the T-33 pitch dynamics. The problem

was never rectified, and we still do not know why the bobble

is present. To continue the research, other equations recom-

7



mended by AFWAL were simulated. The second equation is shown

below:

eK(s + 1)
-- (4)

s ( S _ + 2 -s + 1 )

Although this equation is very similar to the original equa-

tion, this simulation was not stable. Recently another much

simpler equation was simulated on the EAI 2000, and no

bobble or instability problems occurred. The simpler equa-

tion is shown below:

0 Ke - (5
T scs + -)

11R

Duo to the coordination needed for ASD employees to be pre-

sLnt during test runs, conflicts with subject pilots' sche-

dules and the small amount of time left for further re-

search, this last equation was not pursued any further. It

was decided to document what had happened and recommend that

the last equation be used for further research. The sche-

matic diagram for Eq (5) is found in Appendix F.

If the pitch equation had no problems, the data

would have been used to start a data base for low-order

equivalent system results to aid in predicting the handling

qualities of high-order systems.

18



Roll Task

Table 2 (Chapter II) shows the original values for

the proposed test parameters. These parameters were not

tested due to a factor not accounted for in the roll simula-

tion. Therefore the values shown in Table 3 were tested. To

switch from one test to another in the simulation, one

potentiometer was used to set the value for K. Typing in the

value for time delay on the CRT set the value for rR. After

the results were examined in detail, it was discovered the K

potentiometer included a TR factor which was not accounted

for. This unaccounted factor changed all the values for K

and PSS/FAS values. Table 3 shows the actual parameters

tested.

TABLE 3

Actual Tested Values

SK P /sFs

sec deg/sec 2  deg/seclb Ib

0.1 1000.00 166.66
0.15 1111.11 66.66
0.15 444.44 66.66
0.25 400.00 100.00
0.25 160.00 40.00
0.45 49.38 22.22
0.45 123.42 55.54
0.8 15.63 12.50
0.8 39.10 31.28

Iiiti: K optimum was set by the subject (see Tables 4 and 5)

A summary of the results in tabulated form is found

in Tables 4 and 5. The tables show the 14 different tasks,

pilot ratings, time on target (TOT), RMS error, and the

19
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optimum gain (K) values for the two different inputs. Please

note, PSS/FAS values above 75 are not attainable with real

aircraft. Since the error was not discovered until after the

data were taken, all the data and parameters are displayed

to establish trends within the data.

All the pilots agreed that the sum of sine waves

task appeared .to act more like an airplane flying task when

compared to the step function input. Several pilots com-

mented that the step function input task was superficial and

did not "act like an airplane." Furthermore, the random step

task was easy, and they knew more than enough time was

available to minimize the error between signals. More infor-

mation regarding pilot experience is found in Appendix D.

Pilot comment data is found in Appendi. E.

Time on Target

Figures 9 through 16 show the pilot rating versus

time on target data for the two different inputs. The random

step data do not show any apparent consistent trends. It is

suspected the subjects were not sensitive to this measure

except where the time delay was high (T = 0.8). The sum of

sine waves data, on the other hand, show definite trends.

All the tests (except T - 0.1) show that all the pilots gave

low ratings for high time on target results. The subjects

were better able to evaluate the dynamics for the sum of

sine waves task and were certainly more consistent with each

other. The high ratings (poor performance) reflected direct-
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ly the degree of pilot compensation and workload needed to

minimize the error for each task. In comparison, the sum of

sine waves data shows more sensitivity and the subjects were

better able to judge their task, since high time on target

tasks received low ratings. Probably the degree of pilot

compensation and workload account for the higher ratings for

the square wave task. In addition, there was more consis-

tency in pilot ratings between the sum of sine waves task as

compared to the step function.

RMS Error

Figures 17 through 21 show the pilot rating versus

RMS error for the two different inputs. Again, the data show

inconsistencies for the random step data and definite trends

for the sum of sine waves data. The subjects appear to be

more sensitive to RMS error data due to the data lines not

being as steep as the time on target data.

The high pilot ratings for high RMS error and vice

versa seem reasonable. The data for the random step show the

subjects were more sensitive to this measure, but they were

not consistent (except where T = 0.8). In comparison, the

sum of sine waves data show a definite agreement among the

ratings and lower ratings were given for lower RMS error.

Again, the high ratings are a measure of how much pilot com-

pensation is necessary to manage the workload.

Time Delay (T)

Figure 22 is a composite for all the time delays
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versus pilot ratings for those values of K that were chosen

by the subjects. At the top of the graphs are the average

optimized stick gains. As can be readily seen, there is very

little difference between the two different inputs. However,

it is interesting to note that the subjects preferred higher

gains for lower time delays and higher gains were preferred

for the sum of sine waves task when compared to the step

function. This figure clearly shows K/s-like dynamics were

preferred for both inputs.

Stick Gain (

Figures 23 through 29 show stick gain versus pilot

rating. The higher the gain, the more sensitive the stick

reacts to stick input. For the step input, the inconsisten-

cies continue and no trends are shown. For the sum of sine

waves, however, a definite trend is shown. First, the sub-

jects were most sensitive to stick gain. In addition, the

subjects were very consistent. The subjects generally gave

the higher gains lower pilot ratings. When T was equal to

0.15 (very responsive aircraft), an optimum gain was ob-

tained between 600 and 900. This illustrates that after a

certain point high pilot ratings were given, the gain

reached a point where the simulation was just too respon-

sive. This is why no straight trends lines appear in Fig 28.

(Since this was a trend in itself, this author connected the

points with straight lines to emphasize the agreements bet-

wuven all of the subjects for stick gain where T = 0.15.)
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To correlate the runs, mean RMS error and time on

Lrget were graphed in Figs 30 and 31. It was expected that

a simulation resulting in a low RMS error and high time on

target would reflect "good" flying qualities and "low" pilot

ratings. For the random step this was not the case (Fig 30).

In fact, this result agrees with:Monagan (Ref 3). There was

no apparent correspondence between time on target, RMS error

and pilot rating. For the sum of sine waves, on the other

hand, Fig 31 shows a definite correlation between the three

different levels of flight characteristics. This figure

definitely shows "poor" flying qualities tend to be associ-

ated with higher RMS errors and with low time on target.

Arcs are shown between what might be considered the three

different levels of flying qualities. This agrees with

Onstott (Ref 12). Onstott concluded that a pilot will toler-

ate more sluggish response in a given flying level if the

resulting time on target is gocd.

Figures 32 and 33 compare stick gain versus time

delay with the flying quality level shown. All that can be

deduced from these figures is that the subjects preferred

low time delays with high gains. However, the data points to

the extreme right should not be considered valid since these

gains cannot be attained with real conventional aircraft.

These points are displayed only to show trends. Note, as t

decreased, the subjects preferred higher stick gains and the

rating improved, indicating a preference for "K/s-like" sys-

tems. This data is in direct conflict with Chalk and
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Monagan. However, the difference could be due to motion

effects present in the NT-33 experiment and not here. Add

this conflict to the extremely consistent data with the sum

of sine waves command signal tests and a question arises.

Namely, are random step function command signals useful in

defining flight characteristics alone or should a variety of

different command signals be used? The data seem to speak

for themselves.

In summary, the experimental results show the sub-

jects preferred K/s-like aircraft characteristics. Figure 21

clearly illustrates that as x decreased, pilot ratings im-

proved for the two different inputs. In addition, the above

results certainly lead one to question why the step signals

were used. It might also be recommended that step functions

not be used as the only inputs to define flying characteris-

tics.
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IV. Summary, Conclusions and Recommendations

The purposes of this thesis were to determine what

effect the type of command input has on the pilot rating

during a roll tracking task with various time constants,

determine the effect of stick sensitivity on pilot rating

for those same cases, and collect data on the pitch axis to

compare with high order systems. Early in the study a prob-

lem (still not resolved) arose with the pitch

simulation.Data collection continued with the roll axis

simulation. After all the roll data were taken, an algebraic

error was discovered in the roll simulation. An extra factor

was not accounted for. This factor changed all of the stick

gain results. However, the data were recalculated to account

for the newly discovered factor; the revised data showed

that some of the configurations tested are not attainable in

today's normal aircraft. Instead of discarding the data, the

results were used to show trends and form conclusions based

on all the data. These trends are co,,.idered valid.

In short, all of the random step data were incon-

sistent. When all three performance measures were used,

there were no correlations that could be definitely made

between the data. For the sum of sine waves data, there are

many signs of trends between performance measures and the

data were consistent, even between different pilots. The
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subjects continually gave low pilot ratings for high time on

targets, low RMS errors, and high stick gains. In addition,

subjects optimized their stick gains when time delay de-

creased. Finally, all the subjects preferred "K/s-like"

dynamics as the time delay was decreased. This ccnclusion is

in direct conflict with both Monagan and Chalk.

It should be remembered that Monagan and Chalk's

studies were on an actual aircraft with motion. The current

studies were performed on a fixed-base simulator. The ob-

vious difterence between the two are the effects of motion

and actual flight. These factors cannot be accounted for in

the simulator. Clearly further study with more pilots and a

motion simulator is needed before assuming any definite con-

clusions. In addition, it is recommended that any future

flight tests include sum of sine waves command signals, and

the experimenters compare these test results with the other

test data.

This thesis did bring out the fact that a sum of

sine waves command signal (highest frequency 2.54

radians/sec) is preferred by subjects and does lead to K/s-

like dynamics for time delay between 0.1 and 0.8 seconds as

most desirable, at least when no motion is present. Thus,

prevailing theories are still appropriate and one might

question the conclusions of both Chalk and Monagan because

of the inconsistencies associated with the step data. Fur-

thermore, it is recommended that future inflight testing

with the NT-33 include sum of sine waves command signals.
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APPENDIX A

CALIBRATION OF THE CONTRJL STICK

AND ROLL SIMULATION

As mentioned previously, a control stick obtained

from bench stock was used in these experiments. However,

there was no documentation on the control stick. This parti-

cular stick was used only because the pilots had no experi-

ence with a force stick, the only other stick available. The

pilots wanted another feedback cue other than just the

visible display on the scope, and a force stick could not

accommodate the pilots since it did not move. The control

vtick used was free to move plus or minus 25 degrees in the

roll axis and plus or minus 20 degrees in the pitch axis. By

judging the movement on the stick with the W on the scope, a

pilot can gage his force necessary to follow the command

signal. In addition, all pilots have had experience with a

moveable control stick and none with a force stick, other-

wise additional training would have been required.

Stick Calibration

The items used to calibrate the stick were assorted

weights, string, tape, protractor grid, bearing and a

needlepoint. The stick was secured t; a table to insure no

movement of the base. The string was attached to the center

of the grip and placed over a bearing which was rigidly
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attached to the table. The end of the cord had a loop to

allow for the weights (Fig A-i). As weights were placed on

the end of the string, the handle would deflect. A protrac-

tor grid was rigidly placed around the axis of movement and

a needlepoint was attached to the same axis. As the handle

deflected, a reading in degrees was made. This procedure was

used for both axes. Tables A-I and A-2 show the tabulated

data, and Figs A-2 and A-3 show the graphed data.

TABLE A-i

Roll Axis

Left Right
Pounds Degrees Pounds Degrees

0.88 0.5 0.88 0.5
0.99 0.5 0.99 1.0
1.10 0.5 1.10 1.5
1.14 0.5 1.14 7.0
1.21 1.0 1.21 13.5
1.32 2.0 1.32 25.0
1.54 6.0
1.64 20.0
1.66 25.0

TABLE A-2

Pitch Axis

Forward Aft
Pounds Degrees Pounds Degrees

1.32 0.5
1.54 0.5 1.54 0.5
1.65 0.5 1.65 0.5
1.76 0.5 1.76 0.5
1.98 1.0 1.98 1.0
2.20 4.0 2.20 3.5
2.31 7.0 2.31 7.5
2.42 12.5 2.42 13.5
2.64 19.0 2.64 19.0[ 2.68 20.0 2.68 20.0
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Stick Wiring

Since there were no wiring diagreL of the control

stick, one was drawn up and is shown in Fig A-4.

Simulation Calibration

This calibration was actually used to verify that

the same values of PSS/FAS in Monagan's paper were used for

this thesis. This calibration led to the discovery that the

experiments did not duplicate Monagan precisely. The poten-

tiometer controlling the value of K had an extra T factor

which was not taken into account. The procedure for the

calibration removed the control stick and replaced it with a

signal of one volt for one second. This procedure was re-

peated for every different value of T and K. The output of

integrator 34 (0) was then measured with a digital

voltmeter. Table A-3 shows the calculated and measured

results for PSS/FAS.

TABLE A-3

Calculated and Measured Pss/FAs

Calculated Measured
K PSS/FAS 0 PSS/FAS

sec deg/se 2ec deg de/seclb lb lib

0.45 49.38 22.22 0.95 21.83
0.45 123.42 55.54 2.37 54.48
0.25 400.00 100.00 4.14 95.17
0.25 160.00 40.00 1.70 39.08
0.80 15.63 12.50 0.54 12.41
0.80 39.10 31.28 1.34 30.80
0.15 1111.10 166.66 6.92 159.07
0.15 444.44 66.66 2.80 64.36
0.10 1000.00 100.00 4.14 95.17
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Fig A-4. Control Stick Wiring Diagram

64



The calculation for %s/FAs required several factors.

The first value of .012 lb/deg was obtained from the stick

calibration. The 7.83 deg/in was derived from the amount of

stick radius moved per degree. The 2.16 v/in was obtained

from Dammarell's calibration of the stick (Ref 11). o was

measured from the output of integrator 34.

deg 1 in 2.16 v .95 deg/sec = 21.83 deg/sec
.L1D 7 in v lb

P ss/FAS = 21.83 (deg/sec)/lb

The other measured values of PSs/FAS were calculated in a

similar manner.
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APPENDIX B

SCHEMATIC DIAGRAMS

The EAI 2000 analog computer was used for all exper-

iments. The pitch and roll equations, as well as the per-

formance measures, were all programmea on one board. The

descriptions are printed with the permission of Electronic

Associates Incorporated of New Jersey (permission statement

included). Before detailing each diagram, each individual

component is uescribed below. The schematic diagrams show

the circuitry used to implement this experiment. The simula-

tion was accomplished by the computer technician.

Oscilloscope Images

Figure B-I is the circuit diagram for the generation

of command, subject response and external trigger for the

oscilloscope. Integrator zero produces the sawtooth signal

(labeled X); it is connected directly to the external trig-

ger of the oscilloscope. Signal X is also used to generate

the W. The output of summer 52 is the W signal. Switch 3

allows either the subject pitch (amp 71) or roll (integrator

34) to control the W on the scope. Switch 7 allows either

the sum of sine waves (switch 67) or the random step (switch

25) to control the command bar on the scope. Amplifiers 42,

45, 46, 47, and 51 make up the slopes for the W signal.
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Pitch and Roll Equations

Figures B-2 and B-3 show the circuitry for the pitch

and roll simulations. Since it would be too cumbersome to

explain each connection in the drawings, the equations for

each signal are shown as the output for the amplifiers. For

continuity, summer 71 (Fig B-2) and integrator 34 (Fig B-3)

are shown in Fig B-1.

Sum of Sine Waves

Figure B-4 illustrates the sunt of sine waves input

signal. The signal is made up of six different sine waves.

The output of summer 67 is the total sum. Each sine wave has

a peak voltage of one volt, therefore, the maximum peak sig-

nal is six volts. The output of track/store amp 6 is used

for the generation of the random step function (Fig B-S).

Switch 67 is shown in Fig B-i for continuity.

Random Step

The random step function generator is shown in Fig

B-5. Comparator 31 compares the sum of sine waves signal to

one volt. The comparator inhibits signal changes of less

than one volt and passes greater than one volt. Counter 26

counts down every 1.5 seconds. The track/store circuitry (o

and 26) ensure a pulse change at least every two changes of

flip flop 11. Therefore, the time between step changes is at

least three seconds. Switch 25 is shown in Fig B-1 for con-

tinuity.
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Evaluation Methods

Figure B-6 is the circuitry used to evaluate the RMS

error and time on target. The output of summer 126 is the

error signal and it is used by both the RMS error and time

on target hardware. Comparator 35 compares the error with

the margin of error. In pitch (pot 37) the margin of error

is one division on the scope face. The margin of error for

roll is 4 degrees (pot 33) in slope between command and sub-

ject response. The comparator inhibits signals greater than

the margin of error. The increment for time on target is 0.1

volts/second. The time on target value is stored in analog

to digital port number 3.

The error is fed as an RMS value into analog to

digital port number 1. The circuit located in the lower left

ensures an RMS error value is stored once each second.

The circuit in the lower right acts as a timed

switch. It is activated when the test begins, runs for 91

seconds, then shuts off the input signal. The 91-second

shutoff is needed to ensure that all the time on target and

RMS data values have entered their respective analog to

digital ports. The analog to digital ports keep track of thu

voltages and allows the digital program (Appendix C) to read

and store their values.

Switching Diagram

Figure B-7 shows the switching wiring necessary for

switching between the input signals and the roll and pitch
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4.2COEFICENTUNIT

Culi1ijuuu multiplic.ation of an antalog variable limes a constant coefficient.

DEIG(NATIONS:

DUA Diijitilly Coiitrollcd Attenuator or Digitally Set Coefficient Unit
PUOT Minuilly Set Coefficient Unit

SYMBOL:

As shown iii Figure 4.1

IN P
X Y =AX

A
-1 <A<+ 1

Figujr,4.1 Coefficient Unit: Typical Prog~amrning Symbol

4.3 SUMMER

1- UNCTION:

Coiniuous summation of several analog variables.

OPT IONS -

Asii uptiuiial fedture, the 4-input and the 7-input Summer can be equipped with a variable limite~r. The hiniter is de
scritwd~ in Pairaqraph 4.14. Note that earlier versions of the EAI 2000 are not equipped Witt) d 4-input Summenrr and
its optional Limiter.

* DESIGNATIONS:

sum, %

SYMBOL:

* .Ai. 0riuwi in Figure 4.4

U

V Y -(U+V+1Ow)

Figure 4.4 SummJer: TYPical Programm~ning Symbol



4.4 INTEGRATOR

FUNCTION:

Continuous integration, with respect to time, of an analog variable.

OPTIONS:

As an optional feature, the Inttirator can be equipped with a variable limiter. The limiter is described in Paragraph 4.14.

SYMBOL:

As shown in Figure 4.6.

IC

-X Y = *Ytf'Xdt

Figure 4.6 Integrator: Typical Programming Symbol

4.5 MULTIPLIER

FUNCTION:

Continuous multiplication of two analog variables.

DESIGNATIONS:

MUL

SYMBOL:

As shown in Figure 4.9.

X Z-XY

Figure 4.9 Multiplier: Typical Programming Symbol
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4.7 SQUARE ROOT GENERATOR

F UNCTION.

GtJ'ierjte the Square Root of in analog variable.

DESIGNATION:

SYMBOL:

As shown in Figure 4.13.

x ,-(X>Ov Vfx

Figure 4. 13 Square Root Generator.- Progralnmin79 Symbol

4.8 TRACK-STORE UNIT

FUNCTION:

Store an analog value.

OPTIONS:

As an optional feature, later versions of the TS/15 tray (Model Number 0.72.0051-1) contain a Limiter that is associatea
v..tn the Track-Store Unit. The Limiter is described in Paragraph 4.14. The earlier versions LIode NurnL_, 0.72.00491
TS/i" tray does not have this option.

DESIGNATIONS: TiS

S Y M 80L:

-s sriovwn in Figure 4.16.

LOGIC T
ANALOG ICIPT c' 0 1
INPUTS ICANALOG - -7

OUTPUT 0 5 TF

LOGIC 1 IC IC
CONTROLS

a. Symbol b. Logic Mode Control

Figure 4.16 Track-Store Unit. Programnming Symbol
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4.9 SELECTOR SWITCH

FUNCTION:

Analog Signal Switching

DESIGNATION: SW

SYMBOL:

As sho.'n in Figure 4.21.

LOGIC
CONTROL L

A
U SW y U, L=

V V,.L=O

Figure 4.21 Selector Switch: Typical Programming Symbol

4.10 SINE GENERATOR

FUNCTION:

Generate the Sine of an analog variable.

I"3NATION: SIN

SYMBOL:

As shown in Figure 4.23.

n Y SIN 0

Figure 4.23 Sine Generator: Typical Programming Symbol
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APPENDIX C

PROGRAM USED TO INITIALIZE THE EAI 2000

ANALOG COMPUTER

The purpose of this program is to initialize the

system on the.EAI 2000 by setting specific values for all

potentiometers, integrators and counters. It also changes

potentiometers to show the change in variables for the dif-

ferent runs involved.

After the program begins the run, it monitors flip

flops SO and 60 (Appendix B, Fig B-6). If flip flop 60 is

set high, the run has gone 91 seconds and the program stops

the run. If 50 is high, the program samples and stores the

values of analog to digital converters 1, 2, and 3 stores

the values in an array and resets flip flop 50.

When the run has stopped (flip flop 60 - high), the

program calculates the RMS mean error and time on target,

then prints out the values.

81



L.1S

- $i

T -t CJ

L~.C4 (-I.

T~ - L/.

- P-- "I-_

.. D 0- Z.. w~ -T - - LicS
t-. -~. ::) " rI. CS .

w.J orL . . ,

o. -' -~ 0 '3U

I .j tL . _' -j v S- j_
LU i '.1 () -J -J _j _

aJ C-)c. (. '-V . t U(

J. -J)T n v4 - 9 L -r- 1 .'

" 14 C - N I

.X J'~4 l() 82



- - - . - - - - - - - - -- - - - - -- - -

-4 sea < sea .9. < -4 a4 a f4- .1 XI .X< T 1 . .1 4 -1 -1 <.. -

r. t ~ -1 5.Y -r f- 4x r y K W M Y C'-,' r Y L(

9-9 9 - 9- 9- - 49 9- -a f- 9 -C -d 9- < h-a <- - . 1- <~ I i -r -1 r- '-f - r

) 4 c.) LJ U.(( C -)L.) U U. U4 U L.L J 4 r U L.) Uj(((( L.) ( 4.)(. u J -j (4u( L

83



ADl A 7 4 699 EXPERIMENTAL TESTING OF FYNG QUALITES THEOR ,ESlU a
A.. FORCE IT OF TEC. R.GOH-PATTERS.N AF , OH SCHOOL

OF ENGINEERING N H KRTS DEC 82 AFIGE/EE/820 43

UNCLASSIFED / 142 N



l1111lI1111 '

NATIONA L 33EUO TADR16 3

W11 L 2 12O.2

11111 .25 111 .4 1.6

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963 A



re C

9l I-. *

-9 .0 v 90 -

0 .CD. v 9 C

*' .1- 9- . <

- -, - -- -- - - - -

'i '.A -3 91

9 u

c, -n4 -rsL 3 r -. 4 o4 )X- - " j T n Z-9

a* *o jj owI- a,. 9%,%r crca ,a - 3c mc r Dc ,-

84 4



L9 Of' -I

4L t~ 44 0

LA-

LA 9 :

LL _jCL _ C,9

* tj

0 9 0 1 :

LJ 9

4 9

S - 9

14c 4 1" 4l 1oC3 -0 F

4. 4- 9Z 5- C n 1)'
1 4 14 94

4 5,.85



cc x

*19

'4 4 w .

4r-I1) I ) O O c 4 CJIjC
44 4 4 - 4 . 4 wt
4. U in4 )L

_ 4 '5 -4 -
ip -A 4. T ~

4r -4 4 T- JL DO 1.J
13~~ ~ ~ C~ 4:1)14. CC,. j - * z ,

4 4

r i 1 'l-x Ym L e)4, in Z f- 43r 3 ~ n ' t, P L1,m 4

- '4 -41 4- 4 144 4

4 486



4 C

I X X

0 414 D -

Li 4 4C f11 < rrC) ju O

I t-44r i u L' ) - L t-

L1L J cc 0l-0 1;1 U4L

44 Li 4- * . L t 1 . L i I

1 ) 4 2, 4, V) 0 b4 c 4 i > -
L; T, -! "C1 0 - c . .II _

48 0 4-V . t
A -

43 -4C

* 4
Li u 4uuu C) )L i U

W)f ' jC _ ) 1LO ar 4 1 ) 4^ P,4 U) r* j4l i
C n jC 011 4 " 4 4 q- iN m " N N 4 r )1

4y N4YN N NciCjC vC ~ \ yN NCjN 1 1 1 111CJN jl

4 87



Ile

9.

41

41-

- l' z4j

k- - A

C, D

-j J D .. 4):2
- C*'* 4j 0. -j o l 4 jW e l

CA -. 4 .P- -.- .
6 :D x 1-1; .

It 71 4, T

--. U- I .*

U- L.. o ,1 A rZ 4C.U

C- -- m C 0 C )-
N Ow \j W) F)W

I- j Fl I n 3 f ) 4(JW 4 ). P C M C -- 4N " 41 L) I. - C)- ,C

T~~~~~~ ~ ~ ~ ~ 4r 4W~ -Z-.1 r U lJ r nt nU l% D D% J DJ

Al~~~- N2 rjNr.(N ' I N' .-NA \ I J-

88.. - *



iI-

'4'

In

4L

4; '2

41 aZ

4tc r .

4 2i
"a 4 c -

.9 c ZII X

0 -4L s -
* D7 a- 94 - -- - -

C3 C

.89



APPENDIX D

PILOT EXPERIENCE AND TESTING SCHEDULE

Pilot Aircraft Hours Flown

DS T-38' 1400
F-16 350

MK T-33 800
C-47,8-25 1000

MM C-141 2200

RL F-ill 1800

SF F-4 500

Pilot Test Start #/Sum of Sines Test Start #/Step Function

DS 4/2 Aug 1/9 Aug

MK 7/3 Aug 10/12 Aug

MM 10/10 Aug 1/9 Aug

RL 1/16 Aug 4/10 Aug

SF 1/29 Aug 7/5 Aug
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APPENDIX E

PILOT COMMENT DATA

This appendix contains all the pilot comments ant

ratings given during the test runs. Most of the comments art

one-word descriptions, and each thought is separated by ;I

comma. All T's refer to iR"

Sum of Sine Waves

Pilot: DS
Date: 2 Aug

Test 1 r .45 K = 49.38 PR
too sluggish, I can keep up with the command signal, but thc
stick is too sluggish

Test 2 T - .45 K = 123.42 PR 3
better, less sluggish, some lead required

Test 3 - = .45 K = 133.33 PR 2.5
fast response, felt like I have weights on the wings, slight
PiO, overshot

Test 4 T = .25 K = 400 PR 2
pretty good, responded the right amount for stick movement,
responded quickly

Test 5 1 - .25 K - 160 PR 2.5
not a whole lot of difference, not as responsive to stick
inputs

Test 6 T - .25 K - 320 PR
felt like Test 4, no difference, just fine

Test 7 - .8 K = 15.63 PR 7.5
sluggish stick, couldn't keep up with command signal

Test 8 i - .8 K - 39.1 PR 7
some improvement, roll would keep up with command, some PIC(overshoot)

Test 9 r = .8 K = 225 PR 4
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fairly quick response, I didn't like it, small stick input
made large change in W

Test 10 -r .15 K - 1111.1 PR 4
required a lot of effort not to overcontrol, fast response

Test 11 r - .15 K = 444.44 PR 3
this is better, not as much effort (required to control),
fast response

Test 12 r .15 K 833.33 ' PR 2
fast response, no problem with control

Test 13 =1 K = 1000 PR 1.5
liked it, fast response, no PIO (overshoot)

No Test 14, after several runs, DS could not improve on Test
13.

Pilot: MK
Date: 3 Aug

Test I i = .45 K = 49.38 PR 6
response too sluggish, no overshoot

Test 2 r = .45 K = 123.42 PR 4.5
much better, response to stick is still sluggish

Test 3 r = .45 K = 388.88 PR 5
response still sluggish, overshoots

Test 4 = .25 K = 400 PR 3.5
better, responds quicker and small overshoot

Test 5 T = .25 K - 160 PR 4.5
too sluggish, overshoot okay, very slow

Test 6 - = .25 K = 800 PR 3
sluggish, slight overshoot, not enough damping

Test 7 • = .8 K = 15.63 PR 7.5
not responsive, doesn't respond quick enough, overshoots,
plant is no good

Test 8 • = .8 K = 39.1 PR 6.5
not quite so bad, responds too slowly, still overshoots

Test 9 -= .8 K - 225
much better adequate response, still too much inertia and
overshoot

Test 10 • .15 K - 1111.1 PR 3.5
easier to track, too much inertia and slight overshoot
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Test 11 z = .15 K - 444.44 PR 3
best one yet, responded quick, less overshoot

Test 12 C - .15 K - 900 PR 2
very responsive, no overshoots,no complaints, easy to fly

Test 13 r = .1 K = 1000 PR 2.5
not responsive, damping okay, no overshoot

Test 14 r = .1 K = 2000 PR 2.5
I like this, pretty responsive, little overshoot, good
damping

Pilot: MM
Date: 10 Aug

Test 1 r - .45 K = 49.38 PR 6
terrible, sluggish, stick seemed almost dead, it was slow
when I wanted to move in a different direction, no good

Test 2 T = .45 K - 49.38 PR 4
better, faster reaction to stick input, smoother not as
sluggish as before, stick more sensitive, stick more
proportional (further I move the stick--faster the response)

Test 3 - = .45 K = 277.77 PR 2
better, went right where I wanted it to go, just about right

Test 4 r = .25 K = 400 PR 1
a little slow, otherwise pretty good

Test S .25 K = 160 PR 5.5
seemed even more slow, less sensitive, (I was) always behind
what I wanted to do

Test 6 - = .25 K - 600 PR 1.5
sensitivity good, reaction time on stick response good,
proportional stick, overall pretty good, (I) liked it

Test 7 r= .8 K - 15.63 PR 8
terrible, slow, very sluggish, bad overall

Test 8 r = .8 K - 39.1 PR 5.5
little better, not as sluggish, too much inertia, overshoot

Test 9 -= .8 K - 143.75 PR 3
sensitivity good, less inertia, fast reaction time,
therefore had to compensate for oversh~oot, overall not bad--
fairly good

Test 10 r - .15 K - 1111.1 PR 4
good and smooth, a little fast at times, not bad overall,
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needed more control (since it) wasn't sensitive enough

Test 11 . - .15 K - 444.44 PR 2.5
better overall, sensitivity better, good and smooth, easier
flying task

Test 12 r - .15 K - 833.33 PR 2
better, improved sensitivity, everything else is the same,
it reacts better

Test 13 ' = .1 K = 1000 PR 4
fair, smooth, sensitivity (reaction of stick) was staii
stepped, no extra momentum, W stopped when stick movement
stopped

Test 14 r = .1 K = 1250 PR 1
pretty good, smooth, sensitivity easy to control, just about
right proportional movement of stick, no lag time, responst
was instantaneous

Pilot: RL
Date: 16 Aug

Test 1 T = .45 K = 49.38 PR 6
not very good, initial response slow, roll rate slow,
overshoot, used maximum stick deflection to arrest roll ratt-

Test 2 1 = .45 K = 123.42 PR 5
better, primarily response is more prdiztable in arresting
roll rate, initial response about the same

Test 3 T = .45 K = 277.77 PR 4
seemed roll rate was non-linear before, this was more
predictable, roll in and roll out no change, command got
away from me before but I had better response with this run,
warrants improvement

Test 4 = .25 K = 400 PR 4
didn't seem very predictable, roll in response didn't have a
good feel, needed compensation

Test 5 -= .25 K - 160 PR 4
slower, more predictable, easier to control, actually better
in accomplishing task

Test 6 T=. 25  K = 600 PR 3
mildly unpleasant deficiencies, occasional small PI'
(overshoot) very minor though, minim.ium desired performancc
better

Test 7 c = .8 K - 15.63 PR 7
not very good, bang-bang system, definitely require-
improvement, can't perform task, slow system, need max
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deflection, control no problem

Test 8 T = .8 K - 39.1 PR 7
better but not by much, quicker, roll out still needs lead
time, task still difficult

Test 9 . = .8 K = 156.25 PR 6
very objectionable, extensive compensation, must anticipate
an input that can't be anticipated, tendency to overshoot

Test 10 r = .15 K = 1111.1 PR 5
needs improvement, still need pilot compensation, real high
gain, less overall error but when there is an error (1) miss
it by a lot

Test 11 c = .15 K - 444.44 PR 6
need something in between, poor initial response--all gone,
there's more overshoot

Test 12 r = .15 K = 833.33 PR 3
best overall, good response for large amplitude corrections

Test 13 T = .1 K = 1000 'PR 4
not all that bad, roll out response not predictable--a
little too quick, for large correction some overshoot

Test 14 r = .1 K = 1500 PR 2
negative deficiencies, predictability in roll out response,
roll rate control very good, pretty good, very small
corrections difficult to make, overall vely good

Pilot: SF
Date: 29 July

Test 1 r = .45 K = 49.38 PR 5
very sluggish, as I approach target--can't feel where I
should line up with target, smooth but excessive time delay

Test 2 T = .45 K = 123.42 PR 3
nice reacting system, tended to overshoot but didn't task
me, don't know how system reacts to my input, better than
before, good feedback or stick motion, comfortable

Test 3 v = .45 K = 166.66 PR 2
good system, easy to control, good feedback, good rate and
position, slight overshoot, (I have to) anticipate targets

Test 4 - = .25 K = 400 PR 1.5
really sharp, used very discrete ihputs--almost digital,
stopped W whenever I wanted to

Test 5 - - .25 K = 160 PR 7
slow in responding, couldn't get it where I wanted, by the
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time I got there target moved, need lots of compensation,
good on small error not large

Test 6 T = .25 K = 320 PR 2
I like it, able to precisely stop motion, bank rate is
better on roll in

Test 7 r = .8 K = 15.63 .t 8
time delay too large, no roll rate, no roll out, have t(
lead system, target is faster than me, command signal wa 7
contolling me

Test 8 r = .8 K = 39.1 PR 7
rate slope not linear, couldn't judge input, very sluggish,
overshot, good for catching up but not for stopping

Test 9 T = .8 K = 237.5 PR 4
responsive but abrupt, mushy handling, good cours(
correction but no fine correction, time delay acceptable,
felt more comfortable to make little inputs

Test 10 r t .15 K = 1111.1 PR 1
best one so far, easy to line up very responsive, very easy
to control, no time delay, a little abrupt, easy to predict
stick movement to correct error

Test 11 r = .15 K = 444.44 PR 4
higher time delay needed to lead the command signal, crisp
in eliminating input, slow in getting input in, behind tht
power curve but didn't have to chase target, not as good at
Test 10, for larger errors this system would be ver\
deficient

Test 12 r = .15 K = 666.66 PR 1
l3rge errors show a slight objectionable time delay in
input, crisp tracking good, didn't need to lead

Test 13 r = .1 K - 1000 PR 3
slow moving target, I couldn't follow it, needed discretc
inputs (steps), not objectionable for large errors

Test 14 . = .1 K = 750 PR 3
slight tendency to overshoot not quite as crisp, good
tracking, inputs smooth and reasonable, didn't need to move.
the stick very much

Random Step

Pilot: DS
Date: 9 Aug

Test I = .45 K = 49.38 PR 7
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real slow, required full stick deflection

Test 2 -= .45 K = 123.42 PR 3
much faster response, slight tendency to overshoot

No Test 3, could not improve stick response compared to Test
2.

Test 4 x = .25 K = 400 PR 2
much faster, less tendency to overshoot, liked it

Test 5 r = .25 K = 160 PR 3
little too slow, less tendency to overshoot

Test 6 =.25 K = 360 PR 2
real good, easier to control straight and level

Test 7 = .8 K = 15.63 PR '%.5
too slow, needed to use full stick deflection, too stable to
oscillate

Test 8 - = .8 K = 39.1 PR 7
slightly better, still required full stick deflection, large
tendency to overshoot, used full stick to start and full
stick to stop

Test 9 r = .8 K - 125 PR 5.5
has big overshoot problem, responded fairly quickly, need a
lot of compensation to control overshoot

Test 10 r = .15 K = 1111.1 PR 5.5
great tendency to overcontrol, had to compensate, very quick
response, just too sensitive, no appreciable overshoot

Test 11 • = .15 K = 444.44 PR 2
better, more easily controlled, no appreciable overshoot

Test 12 = .15 K = 533.33 PR 1
very nice, no overshoot, quick response, good tradeoff
between response and stability

Test 13 r - .1 K = 1000 PR 2
good, no overshoot, quick response

Test 14 = .I K = 600 PR 1.5
good, no tendency to overshoot, quick response but
controllable

Pilot: MK
Date: 12 Aug

Test 1 r = .45 K = 49.38 PR 4
easy to fly, doesn't matter what I do W will eventually get
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there

Test 2 S= .4 K = 123.42 PR 4.5
kind of sluggish, tended to overshoot, I did not like this

Test 3 v= .4S K = 44.44 PR 4
easier to fly, better because the W r. sponded more quickly,
good damping, not too much overshoot

Test 4 - = .2S K = 400 PR 3
like that better, good damping,, not much overshoot, quick
response

Test 5 25 K = 160 PR 3.5
just 3s easy as before, I don't like the way it feels

Test 6 - = .2S K = 500 PR 3.5
this is as good as I can do it, if it responds quickly,
like it, if it overshoots much I don't like it

Test 7 .8 K = 1S.63 PR 4
too much inertia, response is too slow, overshoots,
uselessly atypical--never bang an airplane against stops
except in acrobatics, easy to maintain task

Test 8 T = .8 K = 39.1 PR 5
too much inertia, response is quicker but harder to fly

No Test 9, could not improve on Test 7.

Test 10 =.15 K = 1111.1 PR 3

nice airplane, very responsive, quick no inertia, as soon at
I move stick airplane moves

Test 11 r = .15 K = 444.44 PR 3
different but flies nice, response is slow, no overshoot

Test 12 r = .15 K = 1333.33 PR 3
I like this the best, quick response

Test 13 t = .1 K - 1000 PR 3
like this better, response is quicker, less overshoot

Test 14 T = .1 K -750 PR 2.5
responds real quick and stops, absolutely no overshoot, this
is the best one

Pilot: MM
Date: 9 Aug

Test 1 = .45 K = 49.38 PR u
too dull, stick not sensitive enough, had to overcompensate
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Test 2 , .45 K - 123.42 PR 6
sensitivity has not changed, definite improvement in stick
response, quicker, not bad overall--fair

Test 3 r - .45 K = 155.55 PR 2.5
better than Test 2, didn't like sensitivity (not enough),
speed compensated, easy to control, pretty good overall

Test 4 1 = .25 K = 400 PR 4
good, moderate speed, could be more sensitive

Test 5 =.25 K - 160 PR 2
better than Test 4, not as sensitive--almost like bein>
sluggish, I liked it

Test 6 = .25 K = 240 PR 1.5
sensitivity real good, nice and smooth movement

Test 7 .8 K = 15.63 PR 5.5
too slow, W had some momentum, dull reacting, had to really
push the stick

Test 8 T = .8 K = 39.1 PR 5
sensitivity better, kind of dull, not much inertia--about
the same as before, slightly better than Test 7

Test 9 . = .8 K = 100 PR 4
sensitivity real good, liked the wa' it moved, sensitivitv
helped--compensated for the momentum

Test 10 r = .15 K = 1111.1 PR 7
moved fast, didn't like it, sensitivity was good (didn'i
have to move the stick as far)

Test 11 r = .15 K = 444.44 PR 2.5

much better sensitivity, just right, good response

Test 12 r - .15 K = 533.33 PR 1
handled real well, good speed in response, sensitivity is
good, moved when I wanted it to, felt real smooth, evei+
flow, good overall

Test 13 -t = .1 K - 1000 PR 5
overall pretty fair, sensitivity okay, slightly unstable,
felt like it was moving on its own, good speed fur
correction

Test 14 .1= .1 K = 850 PR I
good, nothing wrong, smooth, felt good

Pilot: RL
Date: 10 Aug
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Test I = .45 K 49.38 PR 3
slow roll, initial okay, overshot slightly but easy to
overcome, used full stick deflection

Test 2 = .45 K = 123.42 PR 2
roll rate faster, initial response good, overall
predictable, liked it better, less stick deflection, less
overshoot

Test 3 -= .45 K - 444.44 PR 2
nothing unpleasant, roll in good, roll out rate not the
same, very predictable, slight overshoot but not PIO

Test 4 1 = ,25 K - 400 PR 3
slower system, less responsive, predictable, large
correction gave slight overshoot but no PIO

Test 5 = .25 K - 160 PR 2
better, more predictable especially in rolling out, more
solid, roll rate good, most predictable

Test 6 T=. 25 K = 208 PR 2
good and predictable, easiest task to accomplish so far

Test 7 .8 K = 15.63 PR 4
didn't like it, very sluggish, long roll in, small
corrections hard to make, large corrections are easier, no
PO

Test 8 r .8 K = 39.1 PR 4
improved response, small corrections easier, tend to
overshoot on large corrections, still sluggish, no PIO

Test 9 .8 K - 100 PR 4
sluggish, have to force overshoot, heavy workload

Test 10 t = .15 K = 1111.1 PR 3
good response, tendency to overshoot but less than before,
very sensitive--not what you want for ILS final, otherwise
good

Test 11 r = .15 K = 444.44 PR 3
better than before, less sensitive especially for small
corrections, goo as far as roll out

Test 12 T = .15 K - 500 PR 3
minimal pilot compensation

Test 13 . = .1 K - 1000 PR
good, better than the last test (Test 12), roll out response
predictable, less tendency to overshoot

Test 14 - .1 K = 750 PR 2
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roll out predictable, no pilot workload

Pilot: SF
Date: 5 Aug

Test 1 T = .45 K = 49.38 PR 6
very slow responding, needed considerable lead, not
precise--couldn't tell where I would end up, had to put leau
in, time delay okay

Test 2 = .45 K - 123.42 PR 8
roll PIO problem, didn't know when to take rate out,
difficult to control, too much compensation needed

Test 3 .45 K = 88.88 PR 4
best one, (had to) kill motion with opposite input--pilo
lead, hard to predict, rate acceptable, no real PIO

Test 4 = .25 K = 400 PR 7
PIO (pilot induced oscillation), too abrupt, rate seemed
high

Test S = .25 K = 160 PR 2.5
very predictable, a little sluggish, good system, very
tolerable

Test 6 =.25 K = 140 PR 2
good system, frequency a little low, could be more respon-
sive, very tolerable, like it

Test 7 - = .8 K - 15.63 PR 7
very sluggish, terrible system, had to wait on response, had
to predict when to take out input

Test 8 - = .8 K = 39.1 PR 8.5
sluggish, PIO prone, time delay hard to manage, verging on
uncontrollability at times, not precise, rate too slow, not
crisp
Test 9 = .8 K = 62.5 PR 5

sluggish, pilot lead required, little PIO, no problem with
control, compensation required, phase lad noticeable but not
objectionable

Test 10 r = .15 K - 1111.1 PR 2.5
pretty precise, (1) wanted to let the stick drift into the
target, good system

Test 1i 1 - .1S K = 444.44 PR S
breakout force very high, very sluggish, had to wait for the
W to move, precise and smooth

Test 12 ' 1 .15 K - 833.33 PR 2
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good system, a little on the abrupt side, had to compensatt
for the high rate

Test 13 r = .1 K - 1000 PR 2
can't tell much of a difference (from Test 12), the gain is
less, seems to be good, (the task is) not exercising me

Test 14 1 = .1 K = 7SO PR 3
slight tendency to bobble, (I) can judge the stick however
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APPENDIX F

SCHEMATIC FOR EQUATION 5

Figure F-i is the schematic for Eq (5), the onlN

pitch equation which had no stability problems.
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APPENDIX G

SAMPLE STRIP CHART RECORDINGS

The following are sample strip chart recordings.

Figures G-1 through G-3 show the Test 1 for MM. Figures G-4

through G-6 show Test 13 for MK. The voltage values in all

of the figures are the following:

FAS = .05 v/div

0c = .5 v/div

0 = .5 v/div

Se = . v/div

= .05 v/div
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APPENDIX H

TABULATED DATA FOR RMS ERROR AND

TIME ON TARGET

The data in this appendix are read from left tu

right. The fiist value is located in the top left and last

value in the bottom right. The data were printed for every

second during a 90-second period. The first 10 values of RMS

error were not used because of the physical limitation on

the multipliers used (5 millivolts/10 volts). The first lu

values of error were on the order of O.OIV or less, giving

an error of 50% or more. The RMS error value was calculated

by the formula below.

RMS error = T (error)2 dt Note: t is the time at

any one point.

The mean of RMS is the average of the last 80 values for RMS

error.

The list below are those tests where the subject

could not improve stick action when the stick gain was

changed. Therefore, there were no runs for the following

tests:

Test 9 step function MK

Test 3 sum of sine waves DS

Test 14 sum of sine waves DS
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DS tekst 1

K ULL
irCP FUNCTIJ4

R MS V-LU JiLr
0.u0 1.27 1.27 I u.
1.2i 1.46 1.2 ' 1.1

1.1 1.,3 1.22 1.-•
1 .2 1 .27 1 .27" . ,. /

1.02 j 1.24 1 .2;, 1. 0 . -i
1.17 le23 10.22 19-d1 i• ."-'

1.21 1.21 1.21 1.;2 .1
1..5) 1 .. 56 1 .3,4 i.1 o1. ,
1 .33 1,,,35 1o6., 1. ,,1 3-!i ,

1.5d 1.!-9 1. . 1. ,7 . 1

1 .44 1.45 1 .42 1 • 2 1 .4,

iL4N )F %MS= 1.34

TIMt" ON TAF~u'T EC
J . 20 1020 1 .4 . + . :

-. 7.1 , , ',
11.36 11.4 b 12. Z 13. ,.
1 . 31 17*.,38 1 'su 19. 4 U
2 "1o0 5 22.b 62 t,)J 54 , do

27.93 2do05 2.u 30. l .0 -

35.14 314.14 5:7.) )-.1 5 &2 , ".

3 .32 5 .32 4U.3. ',U.,J u
3.66 4' ba 7*, 2+,.:' 4 i .7,

6 .31 19.31 . 2 1 d 5 . 3 4 . . .

:i 57 54. ,5 : .) - 1, "J ou, )7 7 .U u .
"ti 4 -"t 9. 4 bt .-1 19., 7,

66 2 tj *j 94 , 3 b . O -j.3 u

5 35 7 . ,, 71.7,,
7.. 1b7 14, . 0 7., 5 5 11 . 2/ '
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D test 2

4 JLL
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66 1~b / .9).2 5,
6 14 1i 1..5 12 5 t5 16. It 0 1 'S I

21 29 21 7U 22,7U L5.a 75 7
2 b, 0j 2 7 .13 2' 17 1', IU 5 ,.. .

32,17 53,25 54.2. 3 ,0 t.

3 7 4 b 3SO 6oo 05.*r iJ. n b:.d

4S J ;' t) 't 4 --) 0i 741 q 75 .D 65 ,0 b) ' I',..7 4 7 .

i7 b 2d 0 L06 5,7 .U /. # 0:) . . u

:)'.,,0Ot f)006Ou , ' ,'20,1 U --1~ l 1 ,1.

& 6L 5 o ,17 66.52 b 1 .'6 3
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r4,bb 7: ,9 1 7 ,,_) 77, 10 7 ,6./,,'
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DS test £

A< JLL

STEP FUNC fI JOi

i;ui ALd. u1  LRr( j

1.12 1,7 11.11 1.33 1.41 1./'

1.5 ,  1. 43 1.1 1 1 .5 11 .54 1 .° A, 1 9 1.

1.3 9 1.21 .67 1.1 . 73t5, I. a I 34.ji, 1. 0 11 *5 11 . 6

112m. 32 1.ozI .Li I.65 1.52

1.23 1.29 1.6 .. 2 1.31I. UI° ., ) I° . L1 1.0 l. I ,
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1.50o 1 . :,: 1. 5,_ 1. :,1 1 . 3 L • 15u

1.32 1, 0 1.1 1. 2 1.30 1. i1
1.2) Ii I. 1.i 1.2j 1. 50

iA N OF % 1.3j

Tif"  ., A ';, - I C '., CC I

U.Id 1.lo .?.:; 5. '3lo

2- 8.. .
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b2 1 1 7 .- 1, • .1

2 8 03 u7.0~

3.7 134 6P8 5 0 7 13 4 7.'

.5 5 o ..', . 9 5: .9 •:'

i,. 9d 4U '9 41. ) - D,

4.LJ7 4u. 0 7  '.7.07 48.12 4.:
.7 5 52 *4-i : z5 . ' 5'4~

7, )2,I. dZ, G L) G, .• ,7 u I • t

? . 7  7 U u 4 ,. 3 o .8 . 11

37.7 ,.ub bO,.1 70. 10 7 1.0, 1.,

1,; .7.. 7 .2 bO.'. ,,h 1, *9 t -,.9 ./ z

/ ! .b 17 7 10 7 .-.f u 3 • :) .' ,t ), •off2 75
7-, 5 0 7 9.'i, 2O Ls a1 .,
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.: test 1

ROLL

S EP FUNCTIOA

rMS VALUL 3r LVi

4 1.9" .1 .. 5 1.22 1 .21o- 1 0 9i. 1 0 4 . I•1 f .5 1 . 15

1.33 l.ll 1.'71 1.11 1.3b 1.,3

. 1.33

1.- .0o4'9 1.3' 1.• 5. i.2u 1.27
I .30 1.23 1 °0 , I ,. . , 1 . 3:

1 *33 1.31 1 3 2 1.' ,0 .5 u

1 o2d 1, 28 1 L. 2 •25 .20 2

1..2-o 21 1.24 1. 22 1.25

1.23 1.18 1.20 1.19 1.20

1.19 1. 19 1 .19 1. 17 i.i 0 1.

1.17 1.16 1.21 1.-2 i.20

1. 2' 1,a2b 1.2, " 13 1a2•

1.23 l.22 1.23 i2 1.22 1.31

4-4N OF RMS= 1.25

Til UN IA(Gi)t (TASE )

0.03 0.88 1.b '  2.t ."5091 06.96 7 .94f 0~q 11 j 9,

10.7 11.7. 12.73 13.7z. 19.7l
1J.66 i 4,9 1 1 . 18 . )

21.53 22. 9 2.3.7 2'4. u 2 2

27. U 2b.64 25.7'. 29. 232

32.3' 3"3.2 5'..3 -5.,2 5u.. 2

3b.o 59541 '.0.37 4.1 * '.37 3 7

62.61 b5.eU a .a 9 A.,o I5.3t ,

67.33 08..53 "9.U 70.4J 7U.3bI

72 .0U2 73.05 74 . 0 o 75.0 0 7 07
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test a

J JLL
iTEP FUNCTIJ.,

trMS VALUL O.r

1.51 i.'8 i.43 .b 1.641.7
1 situ.i 30 I1. 7 .2."

11.1*,'. 9• 5I ,I 4 I I

1.40 1.53 1.5" I.-h 1

1.46 1.45 .4" 1.47 1. .

X.l k 1 40i• 01.41 1.'+0

1.. 1 1.35 1.6 1.

ICAN 
1F s3'S: 1.a3

TIM. ON TA GLT CSL(S)0 . 4 7 0 5 9 0 . 7 1 . 1 . T. .

4.73 5,7 .7b 7 I . ..

0.8 2I 12 .B 12.t 9 0 .1 I .'t34

I. 15°55 11.5t 17.54 i .30 I.+
1.3 204b 2*.' 22.-7 23.5 4,

25.52 26.52 27.b5 2S.'oG 2-.1.57 U,

5. 51.1T5 62..2 33.23 3'4 ,,..:

36.50 57.27 3 .21 39.27 4U.2 41,.5I

1.47 4t .,112 i> 0 1.it1 040 1 4 0+ 0 gg .'

1 09 , 369 1 .3b 50.3 51.0 64,

T2 3 1 4. . 7 5 b. I . 7

4 015 5 o.714 6.7 oi Ib C,2 11 6 7

6 u.2 8 I 1" 110. 12 7B 61.* 'j.2 1 , 3d i

6".21 70.2! 71 22 12.b35 7.2 7+.2I

75.2i 7b.23 77.31 7 . .
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1iK test 3

,i JLL
,OEP FUNCTIION

kMS VALUL OF ERR3R

2.24 1.37 1.74 1 -,7 1.22 1.:0

L .")7 1.967 1,66 1 D 6 1 ,5 i .;"

1 .146 1.4 1 .50 1 • 5 1 . 2 -1 1 •S4

1.33 11.1 1219 1.1 2 1.27 1.l
1 o.5 1 l b"I 1 4,1 o 4 1, 94 . 5 1 . -t

1 ° 7 1.L 8 1 .07 . 6 100~2 1 . z

1 .63 1.60 1 1. 1.3 3 4 I.

1.56 1. , 7 1.5, 1 . b 1.

I .63 1 . t 4 1 .52 1. 'U 1 0.

1O.49 1.49 .47 1.4 1.47"

I1.5 1.49 1.b 'i.o 1 46 1. .

.466 1o44 1.44 1 ,"1 o 291

.43 1.4#6 1.046 I. o 1.4S •,f

6. 4- o424 1 2 1..6%:

A4E A+' 74 J R MS- 1io4)

TlI ME ON lA kG LI (.iEC .S i
0 b I 71 a~o 71 .5i .a7 6, 4 i 71

.73 569 o.70 7 0. 7.71 I.11
1 0.16 11. 19 12,019 156 1,1 1 .2 1 '. ,

16.2b 17 7.21 11,, .26 19. 0 : ? 32 t:[

2102 21.73 22.7b 23 l!) 24 .77.
2 j6 5 25.88 20 .83 27. 'U ,.52 . :

6 U.9, c! ~ g S 6 43,5 .97 5 ,) . -" .1 , 3. o

9 1 37.5 .71 L 7,. .b 7,, b' 9 5.Z 3 , 4

4 6 * 8 6 q 7 ,a 9 1 4 ,1 . -,o 9 t a 9 1 5 1 .

52o49 ,2 a 6 5-.1 04 j 1 . 3 5 . 2
56.*92 -ji7 ao04 -aLs 87 D -3 n7 ,j :. I . ',7I,
E 2 ,a9 t 6 0 9 0 6 -4 9 L5 . 12 b 9 1 7 9 It

6-4.96 69o37 6,p. 7U 70. o 2 7 1 .7 1 / .II
73.75 74. 73 75.70 7!, . 7 7 7-I. 7r t: :. 7 7

128Li____



NY K test 4

K OLL
S TEP FUNC f I ON

e MS VALUL OF E R)
2.77 1.d0 1.4b 1.5 1.22 1.
1.12 1.25 1.a5 1. 12 1.1L 1.32
O.96 u .9 0 .95 i. e0 1.0 4 1 .0 n

U0.99 1.03 1.&9 1.01 1.04 I.t7
1.07 1.0 U 1i. t1.5 0.97 l.7
1.17 1. 15 1.15 1. 1 1.23 1. 4
1.21 1.26 1 .22 1021 1.20 1. 1
1010 1.17 1.17 1.26 1.21)
1 020 le017 1 l I. 1 : I~i a. I
1 01 1 .15 1.1l7 1a 2 J 1 .2c Li2

1.27 1.2t 1.25 1. 2 1.2! i
1.23 1.24 1.28 1 .L9 1.2 L 1 9
1 .2 1.27 1 .2o 1 . -, 1.27 1. 27
1.24b .2b 1.2- 1. 1f 1. 5
1.34 105 1.54 1. 1 .4 U.04

1L AN OF ktoS= 1.19

TIME N TAiGET ( ECS)
0.01 0.70 1 7. 2. 71 3.73 z. 70
5.76 6.83 7.*79 . 19 .7-5 Iu . 7

11. 81 12.81 13di1 a C, 1 1 .3 1
1 1.Sb 18.58 I '1 1 2 0.*25 2 1.32 21 . 0

23.94 24o94 2t.T1 26. 7 27. 2.
2). 96 29994 56 09b 31 . 4 S1.77 1,2. 76
315.79 34.74 ,5t.79 .56. 7 7 . 79
39.85 40.67 41.0.5 42. 7 4.5.12 L. -7
44.9 76.01 47. u I -t! U.9 jJ.O'4

51.02 52.08 ).of. 13.3 J) .02 .. 1
bb.06 57.11 b.1. c9. 12 50.11 l. i2
62.11 62.96 5 .07 6. J6 .. .
67.Ob E.08010 61 .0o 70 11 7 1 .1r 12 .12
7 5.07 74.20 7.1. IS.j. 7 .I1
77.97 76.96 79.97 .o UU 1.J2
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NK test 5

J JLL
srEP FU,4C T I1 

1

R AS /ALUE OF LRR RI

1.22 137 1 b7 I12b 1.22 1.1.'
1,63 l ~0 0191 17 0.9-og-B :'

1.25 1.24 1.2 1.22 1,01 1.0

1.21 1.29'  1.21 i W 1.2l1I 2.1.22 1.27 126 1.24 1.2? 1.4

1,25 1.25 1922 1,22 1,22

1.19 1.03 1,19 1..4 1,20

1.25 1# 2 1.215 1I L '2 1.21 .21

1,27 19 1 12 2 2 1 .2
1,25 1*25 1,21 *,25 1,e2 " o2)

1,22 I, 23 1 1 . I . .2-1 1 :.'4

1,24 7.21 1 .2 1, 27 1024 It
1026 1 0 2t) I 1 . 2 ' i,2 • .

12 13. 1.21 1. 1.4.4 1 02

1.22 1.22 1 1 5. 1.21l

E AN OF R MS= 121 
_.

TIM- ON TAj r E[ (6C}

23.28 2. 241.49 3. 4 h. 4

22 53 30.4o 51..; 3'2.'

5I.5 5bt0 b.60 36.5 .57 4 .3

59.65 40.o9 -1.76 4 , 76 4 .. * 7 4 t17

4 .22 4 5.&26 '1bu a 47. .71 4 f". 51

0 . 31 J1 * 29 =,2 ..53 25.32 5 4 .5'1"
")6.37 57. 66 !j ,3 8 a 340 1" ,) . 3.; ,

I739 6b8 02.57 b 4 bI. 1 I

6 12 U 72 bb 0 ,'-L).5 7 .e7U I .I

12.70 712.72 7 -.btl 14.e lj bb J7

17.68 7, 71 0 .6 ! . lo 1,1.72 .17
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r

r~:test 6

4 ULL
STEP FUNCTION

RMS VALUE OF LkrLR
1.96 2.10 1 o70 I .:, A ~ 1 .IiI.., u

1.36 1. *9 1. z7 1.2L 1 2t

1.20 1 . 15 1 • 7 1. 1.l•

10A19' 1.i1

1.13 1.15 1.. I1

1.0 1 1.21 1. u 1.15 1.?0

1.21 1. 1.2• 1 1.20 1.20
1617 I. 17 

1 0 i.17 1.2 1 4_ 7

1 .21 1. 20 i .?U I . 19 1.2 1 i.1

1.191.1 1 1.lb 1.17 .11

1.19 1.20 1.19 i. 17 1.21 1. 2

1 o2l 11) 12 l. U i~i 1 1 .20

1.19 1.18 1 .i 1i I.In I. I .,

101s 1*22 1.25 1.22 1.20

It-AN OF R S: I - I

lIML OUN TAHoLT (SEC,)

022 3.59 I.o 2 a 1 2(.,.!

3.5 G.. 8 I Sj I .1.41 1 -

II.41 12.16 1S.Ut 1 . 1 2

I b.b 17E.
6 .0 18 

,. 1.-2 2 a.At 23.52 24 .52 2:) • 2{. 2 1.

26.-52 2 1). ::)A Su 0 .5 _,j1 • -1 ') " . 4 A

5..5 0 At5 st.)) )z D2 151 ,.b

38.53 590b4 a0 6 41 56 ,jl7 ?

4-J.67 0 .6q 4 .72 -1.rc ..bi % 7 3

I. 
272. 7.i 7,4*. 43 7

17 :3 0 lT T5 7 .05 78. 7o 
.• 7
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14K test 7

ROLL
STEP FUNCTION j

kMS VALUE JF FiRRUF\
2.98 2.*4 1.82 1. 91 1.o 1.zuu .8 111 9 bS O ) 8 9
1.9 2.02 2 13 2 . Ub 2.00 3
1.97 i. 91 1 .b, 1 .3b 1 .8 1
1.77 1.7' . 1 10 1. 71 1.o'1,62. 1,,61 1lob6 Il., 7 1. 6 5
1.65 1. bli 1,69 1. i6bI
1.62 1 9 1 .bj 1. 0 1. 7 o 1.00
1.79 1.79 1,77 1. 76 1.75 1.74
1.71 1.72 1.71 1.71 .0 .
1065 .bo 1.7b I .77 1.76 1 PD
1977 1.75 1.7 1o 7+ 1 1. i.71
1.7b 1.78 1.77 1. 77 1.76 1.?7,
1.75 1.75 1.7,t 1.7 73 1.''
1.74 1. 75 1.72 1. 71 1.70

M4EA N OF RMiS: 1.7'

TIML ON TARGLT (SECS)0 .01~ 0. U 5 3U .7 6I . i . S
4.80 5.bO E.bb 7. 7 .l

7T 26 9.24 9. 11 10.73 11.Td
12.7d 13.78 14.7s .1 1 1).74 1
1I.80 19.84 20 .8b 21.S7 26. 2 . .37
2 4 o ) 25.88 26,93 27.,32 2 .69
30.14 30.12 30.9 31. :

54,b0 35.53 3 .b's 31.4.5 31.47 7.,4
4.Ob -9o '.0.10 '1. 12 42.14 4 5. Jj

44.12 4.5o12 4o.12 '. 7 o lo 4*2 . I tI
50.17 0o. 97 50.98 1 S E, 4
55.33 53.98 55.Ob 56.U.I 57.07 .
58. 58 58.t9 b9..8 aO 3t. S 1.57
62.37 63.35 64. 40 41 5'.87 -6.Go
67.10 U.8612 t9.11 F'. ru 71.13 7'.1o
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.K test

.bP UNC I10'4

tiS VILUL (JF RR Jq

3I d U1 1.021.7 4 S
..4 2.29 ,1. i2. 0 . b

2. D! 1.97 2.0t 2. Uu C.00

1.92 1.d6 1.ot 1.o 1o90

1.8 *1l6b 1.79 1. 17 1.71 i.73
1,72 1 .5 ut) 1 6 1~s 6.L 6 .iD'

1.7 1.76 1.74 1. 73 .71 i.,.1
I * a2 1 .53 1 .di 1l. jl 1 77 i . 17

1.79 1.75 1.76 .70 1.72 1.71

1*09 1.65 1. o u1 1.7
1 .76 1,•76 1 • . .i3 "I I: .. -Y ,

I. 7 ~ ~ ~ -1.8 I 5 ., . -'"

I .*5 1. 1 .7 -1 4i6 7. ;,

1.81 1i.bo . . 7 1. 77

1.77 1.7b 1.7t 1.7 1-7 '.73

4 CAN OF F lM o l.d2

TIML UN TAKGLT (.C')
0.*04 u0.45 1. 2. d26 2J

7.9d 9.0 oH u 1). 7, I .U 7T

12.7 b 13 & 8 14 7" 1 Ia Iu. b 4

17 7G . 70. 1 i .71 JD . zI. ' f

2 .77 24.74 2.,. 2". 7o 7 7.77
28.78 21. 12 :, .. 6 7 /,i . - . -

32.53 3s.5s ) .51 b -.. 0 7 iI

376814 '568 'e).92 'j z :1.c7 2.72
43.92 44 . 93 iL)4O ,4, ' 3 4 ,7. 7

oi2 72 03 o72 ,.76 ) . 73 --) .T6 ',7 177

' ,7 8 : 9o76 tj .7, ji o .,32 2,.. 5:SJ.

.5 'i o4o3D ..3O 06o 33 7 .:' ++ .,

032 706 71 .68 72.37 7..4 U '
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My test 10

R OLL
STEP FUNC f ION

RMS VALUE OF ERR k
2.77 2.49 2.14 1. 7b 1.,, 7.<.U
1.63 1.24 1..39 1i. 4 1.0 

1.65 1.68 1.52 1.b2 1.75 I. 1
1.77 1.65 1 .68 1 . 76 1 .12 . Z
1.56 1.52 1.50 1. 46 1 .7 1.43

1 4s 1. 13 1 046 1 . : 1.4, 1 .47
1.'.? 1.47 1.44 1.43 1.42 1.41
1.38 l.4U 1.58 1o0"10 1.36 I .-I
1 ..b I *4b 1 .,47 1. 4D 1 .4-) . .

1.4l 1.45 1.14U 1.41 1,3l
1.38 1967 1.32 1.6:) 1.16 1.41

1.40 1.39 1 .40 i. -5,j I 1.oI 9
10.4t 1.47 1.47 1 * 1 .4 1 4tu
1.4# 1.4 4 1.5 1 . 4 4 21.
1.41 1.42 1.4b 1.4b) 1.414 1

MLAN OF riMS= 1.46

TIML u.14J A GT (SCS,)

5.13 6.21 7.20 b ,.lb
10.61 11.40 12.0 .13 . .1 1.1
15.51 16. 4 1 1.I • , lb 1"9.5 d 2 "'
21 960b 22 .U0 ,J u2 L4..u-"_. . . .
27.62 28ob 2b ". bt) 2 ~b 80 .....

37.92 38.92 .9.95 4. 0 4 1.99
44.01 44.29 44.76 4:).77 'u.7, 47.l3
.8.78 49od2 Do 084 t) I a d86,

5 t082 5besd 5 b . 64 17 .d ts- 65
t9o31 60.33 61 .32 L2.. ~ t4 0 .46
64.40 6 5 i3 cu6*47 0z7a 4i3 6& 4 2
70.4A 71o27 11.77 /2o 7o, 7.%,,6l 7 ,. 7
7n.dI 76.70 77.01 75. 01 7,.)d etO.00
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NK test 1 1

TL-P Fu4C T I j

R MS VALUE OF [Rr\2J
0.00 1.37 1.11 1.11 I.11 .1
G 94 0.96 1.0o I • 7 i ,'q I .94
1.Z 7 1.26 1.22 le i . I. 
1I' 1.47 1.0 , 1 i.5 i a ,l
1, *441 45 1° * ~ q 4,5 U I .45

labl 1.47 1.47 10 3 1..f2
1.40 1.40 1 .3b 1.55 1.31 1.
1033 1,03 It . 3 S 1 i a~Ji.-

1038 I°5 1.36 1 v 3u 1.35 i
1.33 1 3. 1l .o 1 15
1. 1. 12 ,1 1 1.I7 1.611, 1 .4
1.042 1e.53 1.o41 1l 1.4 ,

1.41 1.Z8 1.7 . u 1.'7 7
1 .37 1 035 1.354 13 .'.1

:lAN 0F t(MS= 1.68

TIME ON TARGLT (S L )
0,98 1.98 2. 99 3 3 L 17.04 6 ,0u6 9,I *,11 3, 5 10..,

1 12.99 1I.01 1. i lu. .
16.54 17.60 16 .64 19 . j 2 .62
2 2ob65 215069 214 4 0 -j 2 ,6% L 7. J"
2 7 9 b 2 ,,0 " .t ..5e b 0. b 6 1 S. 7 5 .:

33.90 S4.9q 35.9 r. -)2 57.91.
140U .02 a 4. 7 1 199 '2. 77 5.0 61
4 5a 0Z q6 a a 7. o U,3. 07 46.5/ 41

b 0o 21 1 . 2 o22 11.2 3 .2 7 ;J,, )7

bb.71 56.72 57.77 5. 77 5 .77 u. 17
61.76 62.7 7 6 .o bS. 2 bI4.82
65.9.5 66.90 b7.92 68. e.9,5 1u. 7
72.00 12.98 7I.01 74 9 7.j 7. 0
1b. 0 79.0.3 dU.U 1. 03 2.0
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6.

H test 12

: LL
rLP FUNC TIO,

,ArS VALUE OF -,R r
1092~~ 232 1,1 1, ,3 ,

1.26 1.25 111 1.17 1.2) 1.Ji
1l9b 41 b7 1~b o., i. 2 1, 7

1463 1.41 1.40 1. 1.4 .

1.50 1.5 1. 1 1. 40 1.. 17

1 147 1.45 1 .40 1 'tl I.4

1.53 1.50 1.'tI Ju 1.6
1 . 4 b 1*46 1 .46 1 . 17 1. 6 q
I. *I.41 7 1l0 48 1i. 1 194 H,

1.0 1..9 I .,ie 1.41d 1.47 ".

IAN :)F RNI 1.44

TIML ON IA G [ (L f [E,)

0.20 1.26 ? .t 'i 2:) J.29
6o2r 7.29 v.26 3.31 1 u.1 11. 1

11.40 11.70 12.70 13.16 14.16 i . U
1.70 17.74 1 d . 75 20.75 0
21.32 22.35 23.28 .0 2.,, 3 -
27.32 28.40 ,.-ti i,, 2 .7 6 ,.3. 7,,

31.74 32.76 33.75 64.7 77 377 4.7

37o78 .3,.7 89 62 '1 .o0 4I.8 4 3

2 . bI If3 #4o 5 o 57It7I8 .82 49.6}2 50 a. 4 5,1 . ,1,7 5 h t " i, j
b4..9 1 842 ,-6,b. 4c6J 47.62 7
D8.52 9 4,9 40 . f, •. 5 . ) . 5

It .,53 t) 0 5d f, 5 7 7 r) 1 57, 5 L _J

69.57 70.b6 71 .63 72 , ,6,66 7. b!

75o67 16.68 77.70 78. b 79,7t3. 7
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I.jK' test V

' JLL

T;P FUNCTI ON

,{MS V ALJL OF Lt-R)i

0.1 l.17 1i.1 1.25 1. 1.lL

a0 a 1 1.07 . 1I i . 7k

1.22 1.021 1.17 1 .10 1.11

1.12 1.23 1.13 1.1 1.1 1.1'

1.10 1.16 1.17 1. i
1°If) 161b 161h i, 1-f ~ - .1

1,a12 I,13 1,.19 i1 I i .I.

1.21 1.21 1.20 1.20 1.- 1
1.22~1 1. a.2 I. 1 o 12 7.'

1. 01.19 1.16 1017 1.20 .

1 C.N OF ikMS= 1.17

TIME ON TARGLT (.[C5)0.36S 1,, .3") 3. . :J

12 .it) 13.03 14 e44 15.0 .- " '

17.56 18. l 1 6.63 19. * 5 2 9.31 :

22.33 23.37 2't .35 L5.5d b L.3 : 7

2 042 29..59 3.O .1.s 52.30 -4;c

33.72 34.70 35.77 36. 7! 37.7 -t

3j.7- 40.77 41. 82 42. 77 43.: 3-

50o87 5 1. .2.01 4,*, O . L . ,
6.6.082 if6 5n u V

E)2 *12 6,5010 64 1b t) 3 . /

67.03 68.06 6j.U7 70.du 71 a I I72.

13.12 74.008 75.08 76.17 77.17 ii.17 1 d do. 17 61 *16 bi .00 . 5 2
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1-K test 1L

SULL
r FTP FUNCTION

R AS VALUL OF Li-OR
10.5-1 1o76 Uo~ I*;-. 1q i
1,.5 1.57 1 . 1.34.
1.23 1.26 1.22 i .1 1.21
1 .20 1.I 114 i l l .i

1.07 1.05 1.07 I.iG 1.07 1.jb
1.07 1.16 1.2o 1.1.. 2.12 1.17
1i.18 1.e16 1~i I. 17 1. £ L.
1.lb 1.16 1.17 1il 1.1L i.iL

1.17 1,1b 1.17 1.-. ,22 1 .2J
1. 20 1.20 1.2 19 .1
I. lo.16 1 . dI•I i .

1.17 1.19 1.22 I.ii *21
1.19 1.19 1.1d 1.11 1*.I j.1

_rAN J F N S 1i17

TIML ON TA-> [ (srEC')
• 20 1.25 2 . 1V 5 .2 52

0.O 6.58 7 .66 B.: 9, 4 [ .
ii.4 12o.43 1,5.46 14. b5 5 .4L 1 .

17.49 18.48 19.b4 20.', 21..i 751.:)-
25.53 24.57 2 6.5 ?7.eb . .7

00 . ,o0 51 .J9 62.u5 . . 0
. 62 .36.62 57.*o 6 7 4.S ,j.:

4 1.b 5c 2.12 2. b 465. ,-Lo4 ' '.?

46.71 47o.9 I.71 49. 7 u 71 ,
b52 . i 53.75 4 .79; -je 79 ., .7, ,7.4

-)A. 0 5 9.03 bu.04 G. 5 U. 8." 1
62.d3 63.6 64 d3 U5.nm 9 l 7. iG
68.91 69.91 70O.9b 11.95 7 .97 7 S
711.97 7b.-8 76.25 77.15 7i.23 .21
bO.2b d .2b d2.e6 3 . Z 4.27
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:I*A. test I

SILL
S[EP FUNC 1iON

1.)' 1. 03 1 *7u . 7 1 

l.l.5 1.37 1 .. 1 J 1 .. 1.l
I '.2" U,6 ~ l I. *.2J i15

I1,13491 S 15 1 I. * 1*ld 2.

• 7

113

.,I 1.5 S7}i i -

l, s~ ~~ 465 7, ~ .

1. ) *. U I .3 S. . .

I 7 1.69 + • -, .+7 1 .* [•:

U , 7l .'14 1 J.1b i . 3 .4 :o

".. 6 e, 7 .4*o : - , : ;

oI 3 160 71 1 .7 6 6, -4L .b 7!. 1 .'I
2 1 7,) 22.7 170. 6. .7o 2}7" 2 .

-7.63 2 7. I .' . ,? .. • ;

2)e 73 39a 7,5 61. 7 52 .,10 3 .7 1 ',

3 -. ,32 St., t . 521.o2 L i. ' 5 ')> , ...I. IU

41. 9 j 2o9 4z,.27 45o.4 4 +. -, I: 1

4E,.1I7 46. !.,7 45 3 6'tu. -42 ,1 . 9. ., ,

6 U . 2 l t 0l6, 61. e6 6 0.2u ",,

o .90 , .93 1,) .-1 l3 7. , L ". 1 7 "
I i. 7t 70e72 7 u .',p 3J 11, 7 7, .', ' i 7 .- o
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[iqi te.st 2

r( O1LL

;IEP FUNCIGN

\MJ V.LUL OF >U%
1.4 1 1 9 4 1 . q I .,*I 1 5 1 1.4 5

1.3a 1 -,b 1 .17 1. '7 1,2 1.I
1 5 4 Il e ,H 1 -.l )  I . , 2 1 0 17 . "

.1. 1. I.'7

.I 35 I 1 l.,i 1 * ."

1.41-% b1.9
1.-33 1 .4 :) I o .'? u

1,41 . ' l , !. 1.',4 i,4

1',01 1,4u7 1,3u 1. 4 1..4 U.-,

. 4 . - .4, 1*44 .44

31 44 3 . 4, 1 .4,-I

4 'A N O)F 'S: Io4

J. 0 6 0. 7 o I] * ,) 2 . 1~ ?11-. : :

') 2 1 0 2 6 7 .- 8. : " .g ) ."

1 0 .01 1 .U u 6 u, I , I , . d;

I o0 04 1O 0u 75 17. i 1 0 .

232 2 2 ' d.43 '...

,. 13 S7 V o 4 . 10.i 59 1,3 4. .L, .1

4 2.o 3o22 44, 4p 2 .d7 4 .,2 7" ,?

4:o 36, )tjo 191 .3U,1) '.i.. J,-. 
-  ", .t,.,

70. 71 71.7U Y2 o,

7 -) 7 7 7 6 e 7 6 , 7 7 o l 1 0 7 H ,. " j , '
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MM test 5

,! )LL
.IEP FUNCIJON

S VALUi OF tT'Rk Jr
l.,3 1. 77 . o 24 1.71 1.74

1.063 1.6 1.u.o 1.,. 1. I 417

lea'. 1.b7 lee 7. . 1.. 1.3, .,

1.60 1.72 1.I. 1. 72 i.-) 7.7

1 . '3U. 7 1.t .- 177 .7 11.

1.7 1.65 .-, 1.1o l.ul .,-0
1 .D- 7,oi . 2I

lo 1.067 1 L{t, 1 31.6- 1.

1.60 1.U211 2 1 .' 1 * 7 Y 1.i 1 7
I . 0 I. 0 1. 7-) 1. 77 1 .7 1i./
1.974 1 . 1 1 . i, I . o4 1 .3I.,'

1.7,. 1 . u1 I . , I . 7) 1.7 7 .7
1.7.4 1.74 1.1,4 1.1 1; .7.I -/

1.71 1. 11 1.7 1. /5 1.71 1.1.,

4 LA;,, OF R FS 1.U6

T 1 M JiN TAG.A SE

6.8 . .bS ;. 1 J.6c 11 *.

1 1.61 12.1 18 S.21 1I4.26 I .2" ,..

1I(1.Ol 16. :)6 1 /. )(I 1 I . -, ib. IL

21.62 22.b3 23.62 ?9.t< 2 .b7

27.6 28.73 7-.7 -, 0.72 31.7
33.7 7 3 4. ci.U o. .67 E) . o,
6 9 .8H h 0. 14:) 4 U 2 1. 4 . !.

4J 5 Z !, 45.0'i) 44 ,. b , l 1L.G ,4l -,

4o.61 49. 68 b u.31 A . L4 6C . 2: r5 '

5 15 52 . .b 4o, 02 5 , :,

57.62 57,o79 57.'47 tb.i7 *,j..9,

b20U- 6S.u2 0ti.O 3 . 11 1
68.1 69.13 70.1 b 71. 1 7. 17 7.

7 4.21 7b.22 7t.37 75o2 7 . 77.t
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.;M t( St 4

i )LL
iTEP FUNCTION

k ,.LiIf OF i? ,ti
;1053 le 57 .,1 1 .' 1 .7 ;:.,

1.35 1.34 1.37 1. u o.I i.I slal i i., 4, .1 0

1.5.5 1. 38 1 57 1 7 4. A

1 73 1 o 77 1 .7 5 1. 7- 1.7., 1. ,

1.74 1.73 1.72 1. 71 1.7J .
1.*67 1- 17 1 .6, 1 . a, 1.7 I•i,

1.72 1 69 1 .71 1 70 1.t 1 .w)
1 .(j u1 ?6 1 .uq I 1, 1 .-5
1 .72 1 7 t I .]' 7 .I.5 1.T 7./

1 .76 1. 7b I .7. 1.S 1.7'• 7.1

1.71 1./ .. L. u 1.o ,

1.70 1. 1 .6, 1. 3 .o .

iA OF ( MS= 1 jL)

TIL uN IA I* 1I1')
0.21 5.99 I .9 2. u .51 ! ":'

1I.U 12.0 u 5.0 1 U14*L;.u5 Ir'A. ¢ 0' 61 1
I I a 14 9tl 1 1 ' i) . -1 i v'I o', --. ,
2 1 • 42 22. 4 ') 2,s . ' 14 1+.-, 2 -,. U e, r:, •"2
2 7 .59- 2 . .b o D. l , 7 2 el QJ '7 1, L.7 u
j,0 .44 3 1 v4 3,,.47 16. ,  ' ,t.0 s 4 J

4 1.52 14. v 'A, 4, ., b 44 S' , %I'+ '., 4 ..+ .
4".. 21 b. & ~ 8.17 .32 40 . 62 4 '..,, ; .1:1
-)!.66 52o. 1U2o .4ti b2o 7 L, ;.*4 1.,

h U I1 h eW .) ,q '. 'I .48L -.j

).." 1- " , 6"4.* ',b = ..S uo 52 D.7or,.z ::' -.
6') • h 6,9 . j: 70 • 6. 6 11 t'+ 't- .I ",
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4M test 5

A OLL
TLP FUNCTION

1.97 2.32 2. 9 . .. ', L.1'
2.11 20.u 22. (j 2.9 ...
1.91 1.92 1 .99 1 . t 1 .- j I

1. 69 1 .ot5 1.086 1.I,4 7 ,
1.o1 1 lo 1 .77 1 .73 I .7.
1.73 1.77 1.7 1,77 17 . 7'

1.73 l.71 1.71 1.70 1 . .. C.,
1.67 1.6 4 1.t, 4.t 3 ..) 1.7-
1.74 1.73 1.72 1 .71 1.71 l.
1.71 1.do I .b2 1.b 1 ) .
i .7 a l 77 1 , I° . 7 1 .7-:) 1 . >

1.ol1 1. 7 1 .87 l. b .io 4 1 .

ILAN OF R,?;S =  .,4

TIM ON TAK I (S-C' )
u ,O. 0005 j .7b h 1 G > 7 .,'
4.7o 5,21 b,2 3 b .I ..0 -i. 1

o. I1 8,b% 8.r 9..8 1,.j ,I .I,"
1201o 13.16 14.18 15.20 1:: 1 1 7.,,3
18.23 18099 10.4') 2 .)2 ') -4

22,'1 26. 9 24 or 2io4 2 4
0 7,4{ 26w44 e-),46 'A .. 2 3 194.. ",. 7

,55.4-) 34. '2 3). 4 3 .. 0 5 1 . L n'. 7
-. 3 9 9.38 39.a63 40. o3 41o7.

54 .1 9b, 1. 3 1 2J2tt3 7

6U.22 tU.' o.l V).S9 U."3 1
*4l *42 t jo 48 -a6 . 4t o 1 7 H 1 ; I'•"

7'. it) 1.,13 O7U 1 . i'o3 J I
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MM test 6

4, jLL
$1[P FuNCTION

h-ES V A LU W O F L -RH K

1.13 2.*7 U.91 i. 1 .2k '4
l l 1.17 1.11 .

I.07 1.003 1 * I ,

I .34 1.3 I.536 1. . 1 .,

1.2Z 1.3 1.21 1.,17 13 i.

I. 30 1. ."

I.b 1 .t 1 . I4 1.

4~'i 3F I, "MS.9) 1.476 
..

1, -) 1I 2 1 7

1 .30 1 .96 1b i. 7

1.7 I.ID . : I. .1c•' -

1.) 1 • *ii -1 .4 l

I.7 ,. 6f 1 .T b ., I .6a I .1

11.70 1*71. , 7'- v

I ,2 .' m 1 1 e3'' 4 *L t) -4-. -,; . "

.,7U 17.10 5. 10 o7.ui.,2

403 41.142 47 2."1 34 44.15 0 7 .'ieJ
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MM test 7

f) L L
tCP F uJC I ION

K4 S V AL UC
1.57 1.57 17 1. 1., 1,/U

I. 1. 7 1.77 1. 76 1 , 1.

1 *,4 2 1, o 4.J 1 o4v, 1 -,.0 1.66 1 ,
1 O . IorA I qt : 1 .,)-6 1 .,-) 1. G

1.74L 1.7 1.1u 1. 17 1.73j 1.75
1.70 1.74 1 .b 1.7. 1 .7J.
1.72 is6 .1.1 1. le I. ? . L
Io 70 1 68 1 .6i 1 oz7 ..6 1
1.63 1, .15 1., 1. I 17 F 17
1.741, 7 1 71 17 1
1.71 1 .70 17 , 1.b3 .. t7
1.74 71.76 1.77 1. 17 ,, o .7
I. I. o 1.8 o.i . .

A E ArN 0F R MS= 1*68

T IH M E U TAR,.,r_ 7 3CC S

1.07 . 235 1 2o t. 12 3 1.3 1.
5065 5.96 4 9f, 3-')997 5.,!.

u,, 0 1060o 1,5 1 .6 u 12 o G') 1 , j° = 1 •J,
1"5. 11 16. 18 1u e 1 .,,5 1, , 74 1 . ,
1 1*98 18. 3e 1 89 ?l. a2 2 0.?_.
24 o07 2 5, 6 0~ 1 ,:: . 1, 2bt). 23 2 ;4
2 7 2 .5 2 9 , ? 5 2 9 o. 2 "-) 5 (} 0 15 .2 .' +. I
,S '.o1 7 32,22 61, 615- .64 . 531.1 14, ,,
3 1.17 58o19 36 ?. 2 '40 ..217 41.*1- -41. '1

4 1.*91 to2 .v2 453.5t 4 S 'D4 4. 5 4 4,,. 1 7
45o 42 1 +6.22 4 7/o19 48s J 1 4 01r " .,. I qI
b .*24 51o27 2 .:27 -,53.28 5 4.5 1 -, 6

b~t.57 4 tb6 .3,,1 11502 o:.' - " ,
.l 9"J 5 7 G 04 5 7 oil 0 L) 04•fO5, lU 3" J

6 1o07 t,2. 0b 6.3o I 61 12 S-16 13 1,,
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MM test 8

A RLL

STEP FUNCTION

i$: VALUL JTh ERA --
2.9 2.02 2 4 2. ..'.U 2
2.62 2.66 2.31 2.2u ,:. 1 1
2.04 .2.b 0j I4I 2 .• 2.2u
2.19 2. 19 2.1 2. 0.. .1-
2.25 2.21 2.18 ..1 ... 4
2.23 2.21 .l, 2. 2.1 ) I

2o14 2.1 t.) o1 2. 1 1'

2.Od 2.07 2..0, 2.1 I2 .1: > J,.1U
2.01 2. 1 4 201 2 21.i .-. 17.. , 1
292,5 2o22 2 ,, 1 2. 1 o 1. 7 + L

0 14 2a 15 2.16 2 .1 n - 4 .

2.16 2.12 2.14 2.12 ,'.11
2.Od 29.07 2.a09- 2 o 12 1 . u 1 0

2.13 2.1 u 7.0 . I2 .I .3

M tA4 OF k m 2.16

TIML ON TARLT ',L r.S)

(.O U.Ui 5 1 .09 2. I 1 ,, 11.0i 1 .* 1 a

I'.59 1.41 14.25 14.,:6 I t .Th
1 ,.24 17.25 1 . o 19.,51 1 . 1 1 ,.

0. 1u 21.12.lL ,  2. ., V 4 2
2,6.d 7 2 . l - . 7 L5.,, 27.); . '1

).0.12 '50.9') 5 12 .'5... ,,. :
3 4.07 34.03 5.f68 55. 12 3
3(,.14 57o.17 a.19 ",9..,2 40-

1,U.id 1, I u 1 ..- m 7. b
),-f .2 ') )5 8 r, ou 2 7 7 •"5 5
:)i 4O " "9 e' (i ble o 5 2.U I r,+ ,
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MM test 9

A OLL
STEP FUN( ZI0w4

K Wi V-LUL UF ;

1.27 1. 1) 1.2 1 7..I ,

1. 1.17 1 1 .

1:??
1 .O 7. 1.1 blti . . ,

1. 7 14 I .17 1

1 * l° I .'i I 1 4~ 1 .47I• +

I.f 7 17. t 1 . 1 • '1 1.1 1.

7 1.49 1 . 7 if I 1 .. • ", , /
1l.U I .1 47 1 1 . 1

1.02 l.04 42 .52 I •1.1 .o2I1 b 7 1. :)b 1 .3 91 • I .. ,I ..,,

4 F-AN OF R mS: I'5

rl i v , 6N IA kG T c:,deC

1 2 * 0 4 .S .o b 1 4 .0 1 .5 ;6 . 0 ', 1 , .J .I
I,. 1 17.65 l1 .10 13 P' 1 - J.j :

2 1 . i 2 2 s 57 2 7 2 2 7 2 2 4.G 4. .

.17

2 .0b 24,i2 . ; -.16 10 .1 I u 7 5 2 .1 2 ' i 1 3 , 4 .1 7 , . , |
I '1q 37. 22 5 n.2u .1 '.:. " . ,

b O.S8 07. 4u -1 " a. 07 4S-+ 9 U ti 4"
1,2 66 19 hi°O . s . j, 11 1 71 .'.

/ b 12 - P5 1, *9 13 . te, 7 4 . } 9 i 4?
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11MM test 10

I .LL
"iTEP FUNCI1,

P,.' VALUE OF C- k )r,
1 . t7 1 37 1 -.
1. 10 19•04 li 2s 1." b i sai ,,

I.) 1.22 1.21 1. 6 . t
1.22 1.-9 1./,9 I, j+q1

I D. 1.4 1.46 1 1 .4 1 . 2
1. 41 1. 01q .41 74 1.4,; I.I
Io. 4 1 1-44 1.41 6 1, e4 1 1 ,
4l. Q 1 5 1 1 .60 1 S9 1 .3,1 7

1 .. 5:. 1 11, 1.37 1.)-1 1 . 5') . t
1.o52 1.62 1. 3 d 1.45 1.o4 i.,

1. 1 1g 1 . 1 41 1, )1 i..5 '1
1 .67 1. a.J 19 1 41' I g i 1 1.

1.4 I 8 1 o*49 1. ' 1."I. :

0.4 I7i L .1 ON7 "IIt AK G 0

U. 14 1 G 7 7 U 1 .1 ? 7 4 7

IG ! 0 11 b 12.,, "1 ..14
1505b ~ : 64. 1 b. , VZ '-. I ' .;
I++.4 ki. 9 2 u .,)2 l. 5 . 2. 7, .. ,

2 . 7 2b. t 2 gP 7. 7 ?; 3".,..

3", .- )4 66 . 53 Jl l 754 "I. -,J+ 5",.14 '1) i2

41 .13 4 2,1 * II 44 . 15 4'1 ' _'1 I,

247 ,20 b4 0'D2 t 4 ,. t. 15 '

6 1 57 ' D, ,U. , L. 0 7 i.+; I .,
7 ). | 7; 2 r'7 7 5 & 4"4J7 ,. '. .

+
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MM test 11

R L LL

ST LP FUNCTIJ i

coiS VALUL JF L-li

1. 76 1.12 1 7 1.32

I .65 1.96 1, 1. l. it. I9

1.77 1.L. L.bl 1.t;2 i.q> 1 .
77

1. 78 1 12 1 -0. 1, b I ,' a. i - ,2

2.2

1.72b lab lcb 1.,7t . I. 7'.1.77 .7" 1.77 , 11 1 .7 U.1

1,54 1b l.b i.') 6, 6l

1.7 1.2 7 1.70 1." I.7 I7

1 .74 .- ( 1.77 1 7) (1 1 ' 14
0,-15 1 12 1i.70 1 o70 1 .6,), ' '

7L 'tOI. bu I .4il I . -'4 o u < I•(

'4 .A. J)F 8 -. : 1. 1

filE oN TARGET E ACg)

0.41 1.41 2 . 4 .- 5

t, b .9 b u i 7.U o t %)

9 6 , , O). I 71 1,.7,

I' ,I '- O- 6vt 1 4 t-. 2 , o 1 .'.'-

13.31 14.3 4 1~.e t.oj

2j5 24.38 24 ob 3 2 4.

2o.43 2),40 30..6 51. .? 9 '

4 0l, 49 I u . u' 1 , 44o * .:' .

4,h, E3 b 47 06 147.07 47.ib 4 -

f, j 9 b o t8-0 bts ol, :'S 7 ,?'-

0445 64.42 ~'.42 .1 -1U -. 0

6,o72 67977 .7 , i 6.'.,,
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Mm test 12

RJLL
s TEP FU Lc I I oi

i L VALt/L (iF 1--';'<1.3 . 7I ; . 11 l."7 i. U

7.. .) .1 ,4 1. 77 u

2. UL d,,IU .:.UI 1. 1 .L) *. ,
2 1 .4o I 72 1 7 .

t.7U9 1i 1.U u7 I

1 -. 1.6U 1 . ,c 1.1! i..7+i.t'

1 3b 1 u Io n

1.7= IIr.lt 1.7 I G I. (1 oT C ,

7.6 7.L 71t  7 u 7_41•,',Ji

I .o 6 .f+I• .,7 1 E.,

1 o61 1~ .o 66 U 7 . - . ,

1 . :, 1 .

4 1 o4. .
l,,1 *-)9 U 6 " '-

4LA., ut:" rS= 0 3

ll~tl ON TARGLT ( EC!

L Oto 9° 1 4 4. k"qGL 3 :=

t OL 7. 0 b .1 U. 0oi.', +

';,0 l . z 1 1 20 12. 41 ,z,, ._-

Ib.3a16.?9 1 7. u 13.,- 1"5 +  + . .:

lo't2 22 ,5 5 23, . :J 2 , : , +,,t

2"-.9 7 2 6 .',8 27 . 9 0

Su .3 6S.3 32,o42 L 42 4q
+ ,  ''

4+ 1 48 4J+2*344 st 4 ( ' .. 1..,-3

61 ,7 27+ od 5.2) tS '7 4 . tosoi. t2

I 6uo~b 7.'17 3 .117 ,) .87 1~ ; I+

7d b 2 .S U o '4.O 7 u- +. P! ,

+so



MM test 13

" tLL
iTcP FJ LIIJ.4

R M ' ALu;t_ OF ti{ d'

I 1 0.0 d " . .,I D:1 . .,

I 5e/ . i . u 1 1 .0 1 b * ' - * ' "
I JL.

1 . 9 . I • ,, i 1.5-i I .

1 :x

I b~r 4 A'

5l.b' I'.*9 T i.., L.,' i-.~> -Ii

i l~bd lIdl L I , . ]I

402 .13 s.l '4.17' l4..1 ' I.

' 4 9 .ti8 9 J 7 u i . *71.... .1 11#

4 A '.j ) F 1 -1 = l t o

bG.,' t,.I oU I.; . -, f* , •~:
: 

, 1.O -,.t .?J 10.16 71.1 127, , l .1 ? .. 2

1514

2 .U 3 1 2 0 . 1 .- £- H.. ,
dd.'l 29. 76 1,7 .1 45 ., ... -,+5 ,0 4 54 *49 3b L "A., 7., . •'

5'1.) 104 .e13 41.1, 42o 17 4 .1, . "-
41,.59 4 4.(,2 t4+  

lib u,~ 4 1 . ,+•. .4 6/8 0.J 7 :u .U, 3 . ; 11 1;•I
b .09 bb. le n r, .i2 1l 1' . 7" •

6 ).20 70.16 711al 7 12 o2 J 7", 1t L. ,
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MM test 14

S JLL

S.1 TE. FjL ~l c IUI•7I. I i .4

&Wi; IAL UL OF -LKQ I

1.&3 1.39 1 1./u 1.4? I. 2

1.31 1.26 1.1 ] . l.u 1. L) 4

115 
.s2 

3

1.22 1.7 .A 1.-) 1.7 1 o

1.2. 1.2' 1.27 . .34

1.47 1.47 1 .47 1. 4.

1 o42 1.4 1.5 I.4 1.41

1o .1 1 *1 ., 1.,, 1.'

1°0 A. : c 1 o 5 I.. : I,, -j •.

4.A i. .t ;C 1 S. tJ .4

?1.7z27 1.:4 L

.41 1.41 .1 4.4.

. 1 0 1l.4(

IO°£=' l,b bX,, JS% 71 l .Zil •/

7 q. 4 It:) 7.1 1 7 7. 1 74 ) '. °l

2 1 22. 79.
2 .78 7a 79 , 7l 7-

8 Se. ,  , 5 o 6:i, ,3 ) J.4, •

579- 9 . , .9 0 b .0 (4 7 6) .40 . -c,! 4 ot-I -..

4 2- 6 7 4, O .b t,0 3 7 It' It5 .3 14-.'4

6 8 v ')9..2 71 7 572. 7"

7, .96 7 b~ 7 7. 1 7 . ,.I:/~ ,

,1it _ 2"_



RL test 1

,t OLL
STEP FUNCTIUA

rM VA4LUL OF E R R

3.11 z ,, 7f. .0 '.

1.0C b 1 .91l 1.9z i.
2 ,09" 2,ob 1, : 2, 5. '- ,0UO _6

2*02 2.00 u. !i 1 9 .

I~~~~ a 9 1,) 1b l,6 - .

1 1 17 17 1 (1 .7, '

1,73 1.72 1.71 1. (U 1.77 1
1 075 1.7a 1 77 1 l #>•;

1,7 i.71 .

1.7 %. 17 1.77 1. 16 7

4EAN OF RmS= 1.91'

TIM- 6N IARGiT (...)

0.O( 0 . 1 0 .5 •.': u.3, 1

2.2.0 5.11 4.1') . "

7.2 U a.2.5 9.21 1. l I .I .I 16. 16 5 .7 u 7 1 1/ t.

17.2b 18,25 19. 11 1 ,.7- ' V

52.70 3 3.72 3' .7i. Z,, . .7.s " !, 1

52,01 .b 7 27. 4 D

60,13 51.17 £b2.13 - 13 5.t .I
2, - .0 . . .t)8 2 1 12 2. 1 2 6 1

3 L,.O 70, 53 .72, 3i 1 ,.4.u

3 8 ,# 3 0S0U 7
'4 9 4..9 4,9 )



RL Lest 2

R OLL
ji IP FUNCTION

L V, LUF Ot Eqn )

1.1 1s." b. 7
1.42 1,'I 1o18 1. , I. I
1.61 1..5l b 1. . .'
*1.57 1•". • ii . I .7t I •,

1 44,, 46 1.-)2 1. I foIl.
I bII..79 1 b; 7 1. 7 .t.o
IoS7 l.-.5 1.5 i)D1. L5 1.*51,t

1.52 1o 2 1., 2 I.)2 1 .-f 7 I. f
1 e4l i7 16I51.4:)I. 461 1.4,, 1 4

S. 1 I.t 1 .- 42 1 . 4 1 I. 4 u ..4

1 .43 1 4.. t . 7 7 ' t .1 1..

72 a775 7 5 .,
21i.o5 eU. 10 2l . 4 u, 9  ;# . 7 .4 .1
256,31 2G 3 u 227,5 . 7 3 b .J 7-..
31.60 7.5 I_5 .20 75 . 1 7 .,.7 .(
3o7 2 .5 7 75..5 7 Y . .6 7 j ' . :

(a I 31 u 6 .... L 7... " "1i/ 66' = .. .. .I"2



RL test 3

ROLL'

.UEP FUNCTION

, MS VA.LU.- JF L: t ,

0.0U 16,14 1 .l 7.:, 1. 1 . .,

1.3- 1.30 i.L.' 1. 1 I .
1.37 1.29 1 04c, I. . .,,

1.9 046 1.4 I.a i.'( 7-

1.50 1.47 :.ji 1•m 1.'•
1957 1 eb 4, 1. .0 1. 1,' 1.*

1 1 4 6 1~q . 14:4 1 1 42 1 4 1 D

1~ .941 1*41 1.41 .1.1 .>

1 &41 1.10 . 6. 1.439 1 .
1 0 510 0 1 04 1.o' 1.91 1.''

10.56~~ 1*41o4U1o4?

1Ia Ir 1 42 1.4 9.-+5 I.0 1 .

1.*39 1941 1.3 Ls 1. 1.3- 1 5

1- 687 1,4 1.7 L.5 i.3

,iLAN OF 14M - 1.42

T I r- UN lAii tT ( ;TC )

0 69 1. u0 2.2b . 3,i 12.2
6.51 1 03:) 8039 9. ,i I,O I .

11~b 12. ld 13o"3 15o 74 1471 1',!,

16.80 17. 8 1 .24 13.23 2o.2 , 2

21.67 22.64 23.53 e6.70 4.',

2b.O8 27.10 28.12 29. 1 Iu. 1 7 t
S2*19J 360183 04 .22,.o J " • '

5 2 2 539029 "11.66 0. 14) 1 7 1 ', 7>

.d .99 (f . b6 4 .63 5. I I -t .7 1 17

46o76 49LJ9 0.01 .'7 s. . 17 t .
5,4o03 !)Ito19 :!) ,022 U . 24 7.2J' .

6d 6 b..25 6 .3 0'. eo 2% J 7, 67 ,

70.21 11.31 71.75 72. IU 75.7, /1 .7,,

7 .6 lo. 17 17.71 13.- . 79.0t.
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RL test 1

ROLL
SfEP FUNCi13N

R MS VALUET OF Lkrl OH

,576 .. 19 3.2L e 0 )9 ".5) i, .44
2e22 2 & 11 2 0 03 0 L il 1.9t., 1 - .t2

I1.92 1 . 6.5 1 9 7 4 1i .84, 1 .:;

1 .9 1 . 7 1 ..iO 1 . j 1 .7 .
1.70 1.L8 1.72 1. 10 1. .
1.63" 1. o. 1. , o. , i. 7

1.-i 1 . 0 1 '• 1 .. 6u 1 1 ti

.0. I 5.,9 1 Z).5 1. 7-"" 1

1 c 1* 46 1.2 ~ . i2 7 1

j1. 1 i. 67 ',6 1 7. 1.

1,' le')2 1.54 i ) ~ b 1. 2

1*51 1.50 1.!D 5 1ou U° L 1.

I °a.5 1,5 -a4 I •b 1 '. o. -IS" 8 5t

TIML ON IARGE (u[CT

.o 0 9 Do U5 .9o a '3.
t),,,Ol 6* 03 T . 0 I -i. 'S ; .S 3 ",1

1 u .45 i 1 1 1. 12 -1 e_, -u 0 1., U .

146501- - .5. 1 t .-1

2 0...3.q 20. 7.. 21 .74,  ,2. 7 j 2 .7.t " ,75

2 1). 8 26.83 27 .e ,-b.. ,- , /. , --'L .

5 1 1I ,1t • 1 2h q2 *07 36 L o g , I J ,1 ,, 12

5 L 01 e s1. 15 5 0 17 61. 2£ , 2 ,i .

I . 4 8. '9 4 .22 ,: 3 . -42 5'! .

2 S. 6 38 7 ' 1 . _ 6 G. * l o ", .)I) '4-1

52 ")0 b 5 .6di: 4 U'b, °.l£', ,

o7 .L b t, . 71 0l. .77 IbU j 7 1.7 7 I',

7 7.9 9 7 1 9 9,i 7: -j •9 1 33 7: 6 '

t 156



RL test 5

R ,jLL
STEP FUNCTIO

P MS VALtJF OF LRtRO.

*.3,7 3*,, 2 7 3.24, u 7L
o4 1 2. 412 2.ol') 2,, 19 2 *1 :. '

2.13 2.0 U 1 ."q 2 o 04 1 . 9 1 7 7
1.82 l.1i I,79 17. 7) 1.7 ,
1.t"0 1.75 1.7 1.72 1. 1. 19
1. " 1.66 11.70 i. '

1.EK2 1.62 1 .5 1. 1.70 .L,

1.62 1. t, 28 1 o 4-h I.*,7 I • .
1,06b 1.67 1. C 1 ., ,+71-6

1.5 7 1.77 1 .7 ;, 1. 11 1.41 I
1,.82 1la iO 1,i aIu1 7-) 1~l . .7

1.77 1.78 1.7b 1.76 i.7t 1.7)

1.7'. 1.75 1.75 1.71 1.76 !.7,f

1.75 1.78 1.76 1. r l.c 1.7.

4tAN OF RAS= 1. V3

11 4f UN IAGAR ('GI LC")

0.00 .01 U.0' 1,tl 2 . 't L , i
"E.g b . 5 ')3b.O0b 'I' .'.,.++ , . ) ++

9o.0Uf 9. 9u Al. o0 U 12.*V I'i 0 1 ". +

1500) 16.08 1.11 .U1 1 ,. . L . 1i .b ,

20.01 20.1) 21 .3 2 .. 5 2. .i '
2 11 2u. 14 27.2 ::$. 04 2.3. ..
3 J,40 31.37 32•'. 52. -. ,4 2
5 ."5 3 36o.tb7 5 7 .(0 ,5,5. ;J2 3 . 0 ., , ,
4 Oo64 i1 64lG+ I aL I 3 0 ., b+ .6 "14 1,

'.6.72 47.07 4.11 4).10 -. lo.11
:) "? .14 .3 21 1)2. 2. 48 j 6. !-9 . 7 +

3 .Ht-)Goo-) 7T."IJo :,q . 2 . , .

61.62 52.16 6,.I .., . 11 5
7 .1It :38,.25 5 ". ,2 t '-6 7 lo . '

7 ;2.60 ILI. 45 745 7+. 7 7!).,41 1,,,j
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RL test 6

R JLL
SIEP FUNCriON

-,AS VALUt. OF ; . :
, ,;e. ti I ,'.7 o

1.99 2905 . .; I : .,
1.3 172 1 .71o

1.54 1.57 1.0 l.

1.53 1.57 1.50 I. +I 1.0- 1.,5

1.5. 1.43 1.47 0.*.O 5.0t 1. 01.5 1.b a3.5 D., .. '•,

1.53 1.48. 7 .50 .. 1. - 7

1.44 1 4 . ) 1. I.'..1 • "..
1 .I .t 7 T. I .LC. 7
1.A:5 1. 9 1 .9 1. 4 1

21.17 I." 22.42 2. ,s 2 I.4'I .*'
2u.z2 l7.q5 Il.9o, I L ,, 1 •V.f.'•'

3416A :F K 32 = I o 53,

T IM 1: uN I ARG: I (.;-I'CC
Oo0 0. U6 0,) .. Vq Jo9 I

4.90 5. J5 6 .5d 7. ' :. 4

100,o 1g T u t)11.76 12 o I 1 7 T l+ .

15 7', 160 9 17989 18 . 3 1 .1_ -

2 1.81 . 71')_ 2,_ 0.. 2 .1 toe..
2 uo5!2 2 7. 0 2 7 * 91 28o 112 29 1 • ; /u

3 1.61 .52o.It9 52°069 63 .. :.U 31,,7 % .7,
3 S 6 37.45 58.045 '59. ZzO "v + -

'7 .81 4,t. 37 4-.87 %0 • 3 5 1 l '. J~"

55.07 54o 12 5.1) 1 06. 13 .713 ',. i

5).21 EO.1 R 61.23 u2 b 3 . 2 /' {. 3
6'.,28 09 t7 6 . 5 LT.l 7 n.3:: . .

70.57 71.42 7 .6 73.'. .u 7,. 4 7
7 6. I 4l ", 17, o 5 5 79. o+. 3 '3.5. .
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RL test 7

.)LL
StEP FUNC 1r4 c i

I(mS V;,LU OF L-(uR
2.01 1.II 1.1 1 . Au I*.-
2001 /. Ol I °"-1 j, I .. I 0 d

U O4 1.9 i7 1L.b .8 --1 i ' i. 7-j

1.91. 2 .ou 1.92 1.' 6 1j, 1u
1.00 1.7b 1.77 1. 7: 1.71 1.11
1.75' 1.2 1°84 1,A loc 1. .S
1,9,, 1.91 1.90 1. 0 l.S, i.'.
lob4 I. t *,8 .85 .1 68, 1. .'I

1.7d 1.79 1.77 1 7, 1.7:, 1.
1.79 1* lb 1 . 77 1 1 7.7- 1 *
1 .74 . 1773 1 .77 1 7" 1.' , i .I1 .
1, 1.174 1 .75 1.76 1..7
1.71 1,70 1 b .1 12 1.7 ;.

I EAN oF K 'IS= I°.Il

IIM~ 6,j TARCt T F >Cf
U ,O 0 40.U6 I 11 11 1 4 .'i1

5050 .o0 o.., . , /
I. ,j 7.73 .7. J. . .1 1

11.91 12.16 1 .1, II.1
17.21 1.. 1'?.25 2 2 .12' . "

2 1,63') 2) j7 2,J 7l.b 5. '.S 2; b ._'

3 1 ..'' b, 6 9 ir *7 .i7 ,, ? .26 .5 3, 1. S .2'
6 1 35.69 .u.74 S". 7 . 7."7

2 u b 1.8, 2 i. 5 ,

6u,32 t67.0 3U "1 93
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RL test 8

R 'LL
S (EP FUNC I I O

R1S VALU: JF ERr j
lbl 1.11 J.bl 2. 13 2.11 .51.9 1 11(1 7..,i 1. 7 u

1.73 1.77 1.71 1.7u
1.6 1.76 i55 1b,57 1.7 1.77

1 .7 T 1 . 7 4 t,78 1 .7 s I . 7 2 i , "

1.7" 1.7 j.7 1', i.5 1.
a~b l6 e79 15 7° 1 ~b 7. 4

U.34 l.b5 1.: 2 .'/i 1-Z iL ',1

I . 1.54 17.b I,.+ I .541 ,

1.72 io71 1.71 1 .721 1.74 .
1.*72 le76 1 .7b 1. 7-) 1.7" 1.77

1,*76 1.74 1.7 .7 2 1 74. 731.70 1972 1 .7 1.7 10 L. 7 I1
16710

4 CA A OF H 'IS= 1.6d

II L Jr I A k :_1 ( jEC I-
U,3 4 l'ib ;2, * 2. 1t U° . " i

9 ,445 1b ++ IIU) 12,9: 43 1., 1I...

2 °+T 6G 1, t, 2 L.' .:B u+. 2 2. 7 !j'.•
30o18 51 9 1 3,2 "2 L, ,"
6 14 IJ 3 b.*22 66.1 .7 1 + . ' '. .k
4 1 17 41I. 16 14 !3 I. f.2 3b

e.2 2 45. 71 b 7 1 7, 1 . .

ti3. Id .41. 27 b) 929 -b . 15 5) l 'I "
,. 659o?2 b u.1"9 &L~ ' 19 b ...L

7;, 700?O 17 71 917 72. 1 . 7 .:bt. i+
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RL test 9

R LL

FErP F JNC I I ON

R M~ VALUE OF i:.RR )f%
1.9o 2.09 1.2v 1.qi 1.3 .il
1.05 I.4 i. 3 1.31 .Ci 1.
I.1 I. bd 6. .L. -1 7 1 .1)7 . 2

1 1. 51 1.71 1. 7 1.6i
1062 1,D !Ab 1.. !..) 7. 1

I .3 . :1- 1.5] 1 1

10.,o47 1.tuI 1. 1.5 I."

1.7 1. 7U 1. I I.i 5.'I

1.51 1.4o 1., 1.4u 1. 4 bI
1947 1.47 1l.11u I., . ,! .
1.57 1 .*)7 1. I. 6 ~7 .
I I 5 1, u 15 1 D 4 I -14 n.D f I
1 .b1 1 . )o I . U n L " O1• u •

IAWI OF RS: 1.50

TI*1 UN TA Gr, T ( CS)
O 0 1 0. 6 1 3v 2* 41i 4. 1
5.41 b. u.0, 7. 71 '.71 ./

10.74 10.79 I.1 11 I 5
15.06 16.01 t 0 1 17. 1 U. • q. I
2 U Ib 21.J8 2.12 2. j

. 33 2 b* 7 - ?e .62 27. i~ U 2 ., 03 1;,. ,

30.d7 51.92 .%2. 33.'i' 3 .7 j
- 0.0b 57.07 6 ,u: A. ti vi 1 ,..

41.0 42U.07 4e.,17 i3. 12 :
4 u.4 4. 46 '14 9 b's 41-'~ ., '1

5 t'oI 2 C* 97 t i..1 ) o 1 6Job"..
60, u i11 .90 U2 .4b 656 12 i", I2 LI
ar, tj 1 1 h, 7.1 h I L 1 -3" 1 21 71.23 1. 1

12.5o 75.30 7 .. L 7. 2 7.33 7 .0J
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RL test 10

RJLL
SIEP FUNCT1I'4J

RPhS VALUE OF CR jR
1.91 3.,4b 2. 7 e., 0_. .

2.06 1.hu 1 .1*
1.57 1.'7 1 A' 1.* 1."

1. 44 le 11 1 '1

1 1.66 1.61 1. fu 1.6.

1 .33 1.140 1.61 1."' 1.31

1.4 1 1 0 It ,.''. i 1.,4/ 7 .-

1.46 1.b 1.4b .,5 1. 1 1.4,

1.t 9 1.'-6 1.47 1.,I .q ; 1.1 7
oIb 1 .4 1. ( l.C )

.1 I. . 1..44 1. -4 .. 7

4 LAt NOF R S: 1 4

T I : M i' f A k, T L (:,fC,
o.O .Z481.l1 2. 11 1. :. i

. d 6.18 7. 24.2 '..21 1 .

11.28 12.33 1.31 14o3 1 . .1

22.Oil 17. h l.t3 ., u'2 ?1J2 1 11
27. 4 2, .7 2'. .1 b4).,1 .. ,

9 ,9 40 .5 ' 41 . "2.
sf4. 9 .t:a.72 u,.7 '. 7. 16 :.71 1

4 9 d' 1 5 Ua *')2 1 . 2- 7 .3 3 ,7 '

5bl 6.6 5.33 "b.5't W,". * :

. 7. ' 72 b".7e , -. 71 7.

7?.2u 75. 27 7 . , 4. j 7 .,77020 7d.2 9 'oo. 2L, , .g BU . ,4';:
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RL test 11

( ULL
;rcP FUNC T I ON

tiMS VALUL OF , ri')I
3.b I 2 b , 4-5.61 2. o .b L, '.

2 2 2; 2015 1 I. L1 I., I ,

1.7d 1.75 1 . 9 1 j.7 t)

1.0611 i. 6 1 . u, 3 , 0 1 ,t u .

1.57 1 .56 I .4 1 2 .u I•

1.'., .51 1 .'*4 1 u 1 1 .,7 1 zi
1.45 io'. 1.' I.:. l.'i I •
1, ' 4111 '.t9 1 Itq 'Iq I..
1I 4 S I o 48 1 .. 7 If • It I. I t•

4. *4 I .+2 1 1. l

1.4 1 1 11. 1.> 6",
1.37 1.3 7 1.37 . 6.'
1.37 1.37 1.37 . 3 .,7

'I Ar,' OF F 1.54

TI It. o N TAH [ (R T C.'.)
0.20 1.21 1i., 2.s' 4

5'. 8 76 1 1~. 1
11.01 1l1 7b 1 7.f, 15.7', l , 1 1 *

16,18 17.23 1 .. ,O 19. :-:8 2U.2L i. 2t
2 1 .t 0! 2 5 2. o .. 6! 2. -4 9 -).L .

27.54 2j. 24 23U. 7 51
5..29 5.u3 3i.., Lj. , .5 1 J

3, t, .7 59 .6O? It) u b 1 5 7r -. '.,9 5J5Q, 1 :,7. 5 L, ,7.-

u1,51 5;,5 3 5 L S'.bi ''.. "
,7.5 04,t 1 J6 70 1, b -j 37 ." "i

7 51 9 6 0 7 JU C 71.7 u
7 5.7,5 7,+.72 1:./ 7 il 1 7 7 .5, o I

7o.97 o0o U iI.Ub ,L).U7 6 .U ,
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RL test 12

J ,LL

I. 1, .1 1 1 I,1 I I ON

12 9 1 lb 1 .2 1 .,z, 1 * .

L* 4

1.2a3 1..2 .. ,7

I T IM • . I I 11 .1 4

1 2.-%S.l 1 d* 5

21.97 iO.UJ ,1.51 51.2 3,2.31 ,.,1 .241 ,1.d zt.l 74..

1 .7 22.7 . I'. 2 b.2r 7

17. .1u

li..21 IU.21 M , "I . U..1 7 C

16U

llo , 12 .u I5 ; I- bo 0' ' . 7 1
1 7.7-4 1 . 70 uS • 7,' 4Z . b".

6 .2,- 2, b% 9' .lo, 4,t'3, o , . .

4 5 .,,. . 71 7. ;. 7, 1, .. .. /

1, '.571 2:, .'377I t, i• [.. ' •,

74 h7 7 U. 7 *4 7 7S. L L 7 7 ? . u
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RL test 13

IEP k, FU,"4C I I -;'

t 1, v A LUL 3 F p' ,

I

1. ' L)u 4*

1.0 ' 7.. ' u . .Li: •

1. 7 .u U.
9 -' u. 12i, i .'

1.4 l1.il 1.5C, .. . ..

l,-u1.1i 5 <.i 
1.5, ? .- '7

I.31 1.s 1 7"

.5 1 , 51).

1° 1 l .S r Io 
-

9 
7 Y

1.al 
1. 6 1

I , . 51 .At. •* .. * . ', I •* :

.. I. -
I., 

... . .
I

'14

U 1 "I .50 I3. { 0 0, . .:

-1>

27-.17 ).12 c .1, 's. .5 i. i

4 o~ l I+ a •'+' 1'i L . '"l' 7 . + 4 , .' " .

j . 6 0,/ 70 4U b ,:) r, . °Y 61

165
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IL test 14

)LL

I kP FiNC 11 I 4

'..,. V '.LU: . -"

1.6.5 1.5"/ 1.!1 o.t5 1.11 ~ I • 'C
1.19 1.. 9 1. 1. .17

u 1 ." 1 " I. 3

1.'i 1.42) i. 7 I..i: 1.21 1 .27

I 2, ~ I .1 l 7 • .2 7 1 7

I.17 1.,25 .11 I. 17 ., 2

( ) . 7 J l.4'ui , . : .

7 50 7 .7, 1 ., I . i .14 .,

17 o25) io 6...

.52 L. 4. e 2.$ .5 .

4.A4 LF 4 , 7.$ .

t, 9 171 3. 2 o2. ; 1 7.., 17t 5 .,.

67 ol 7,,do ,-,b.4 ". 71. - 7 ' 1 . , ,

2 7 a 2 7 . 7 7,5, I . !.,7 :,.i

5 e 7 0b , 3; 51 6 ,2L 3 ': ,

0 o41 ;'4 '~t '. , 4 ". 166,",

'Jo~~~d 40, '0 47~~ ..All-.,W 51- , 7



.F test I

4 JLL
1 LP FJNCTI ON

ii.4S VALUF jF ERk J

2 1 i .71 1 'n7 I. 71 .i .

1.57 1.9 1 b 1. 7 1.55 5
103.h 1.69 1 .: 1 .f9 e.92 1.,

2, 1o47 1.2 I .16 1.U 0. f)

1.90 1. i 1.94 1 . . 1. 1. .91
1 90 1. 1 1 . 1 4 1 . 1i
1. 7 1.08 1.' l.0 b b 1 . .1
1.1 1.31 1.09 1 .* 1b.Io7 1 .,1

.hu I .35 21.Od 21.10 1.? .. 9
1 i 088 1.68 1.b7 I ou 17. 0.1

1 08 1 •.82 1. e? Io l . ~ b ". 1 1.

. 4 1. ;1 1.94 1. j1 - 1. I.,I
2 .10 ,. 02 ".01 1 . jy 1, 9' )

r 'I A ,JF , M S= 1 d3

T IM m N TARG--T ( sE. CS
1 0,5 1 0 L 2.5%G 5. 1O u*I ,

':.11 u.S 5. t, H4q 7°i ,' 1. b
1I0.21 1 1.19 12. ;e. iZ l S 11 1. 5b

1 a'.031 1(.5 i 2 19. 3 1 03 U,
1 -J.26 1 ). a 3 2L .006 2 1 * I O 2,.I, ,"- '-
2 4 1 2 t,. a 19 2i .17 27 . )6 2 1 °. -
.51.2L, 61.o2 5 6' '925 63. 17 5I ' 1 -. I,"

4 . 4,, 9 "46.53 4 7 .0 )24 -)6. 6081l . '
4 ).8 1 :U.6 1$ 1.67 til. )il. :. ..
b .12 b5 I b 14 7 b6. 43 7/b _ '.

C.o5 o 0 8 66.083 t)I.1 1 . b1
5'I.:) 1 .15 U ., 0 , 6 h : ,
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5F test 2

-4 ULL
1i]P FUNCTION

11-G VALUL O Lr t

2.7'. 2.10 1.,: , 2. +i

112 1. 7d 172 1. 1b 1.12 1.71
1 06B+  l,66 1 *b I . 77.,+ .. 1

1.7 t1, - 7 4 1.7 1.72 .. I /i

1.77 1 7t 1.7. 1 .70 ±..1 +.7

1.67 1.o6 1.tb 1. 1.r+- 1.

1.6k 1.62 1.61 i. 0 I. o 1. 7

1 .7 I . 0 1*54 1.i7 i.7.

1.60 1.60 1.57 l.' 1.57

.61 1.o0 1.:Th . .9 1.3,

1.5 l.S 1 .7 2 1.7U 1 111

L Ali JF RIMS= 1.6,1

FIm [ fp4 TAKGET (SCC.)

iII Li4.30 2. 9 7,S .o, 7° . .. !, 5

1. 10.16 11.l{ 12.25 1Z.41

+ 05 Il. 0. 1b.01 17.06 1I'.0j I .. '+
21 006 23. 96 12 14I 22 . '+2 2 ,,, ,•,,

4j . b 1 2!)o. 8 2(, ,67 e17 .6 8+. +'+-"

.50.06 S1.L2 5 , 3 , 7 . 7 .12

36.l2 ,51.10 .51.17 . 13 5
41.2s o,2 3 .5 46 4 4.4. .q .% lD ,1'

41.43 4t3 .42 ,.5. 1? )..1 "S-,4
1,1062 L, t2. 67 o',So b , 7 Db g2+ )

56051 5 7 54 1)3 oS4 5 4 b L, L ,

628 b L.4
7  S3T i.0,

56016 +7 15 b .17 )9 . 13 7 0.20 7 1 '

7 2. - :-, 75. •2S 74 2!:) 74. )6 75. 5?''•J
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SF' test 3

R OLL
%1IP FUNCIIUN

, AL, L jf t.R, A

1.1'3 1,69 1.1I 2.U . 1. 1
2.Ob 1.) 11 2 1 *-,2 1.9 1

1.81 1,,b . u 2o Jl 1.9 1. J1
1 .94 2- 0.5 2 .0 .u • "1I. ,

l.' 9b 1.)1 1 o')7 1 7 o.')q 4.

1.90 1.93 1.s 1.3 1.#9 ). 1'
1.9 l.01 1.', 2. J1 .U3 '.0

1098 1. 9 6 1.9b 1. 3' 1.92 .

2.02 2.00 1 .J 2.00 U., , 0

1699 1.97 1 91.91 ,,91 -l . U.

1 , .8U ,.d7 . ,

' AN (v F k AIS= I~

II4'L Li, TAk.T (A:-

U 4.~4 ~ 2~3' 3, 4 3 4'
i.b1.' .51 35 ;Y .77 ,,

.8 6.05 1 7 .ui 6. :)9 'j,. 0 61 '

1 /.d 1 b k 12. )1 . 2 i, t',

t, b1 It 1 7 4"-,.
1 ).o46 o 71 2 U .40 21 •6 2 .,,.'..
-4, .,4 7 3u 7 o") 54 260 q3 .7 q 0 2

23o4. 7 21. tpb Su .5/- 31 . D? 6Z b L,.
.t~ b,5 5 . 0 5b 2' 3b. 25 55,.77 .., ,

5~~~ 7. 4#u.0 5 . - . :)9 41 0 .I ,

4 ., 19 1 /.21 # 2 4 9. 2b - 9;. t .o

1 I .. 92 .6 ,* 5 .3 7) o~ "'4) 1.

7.- ,,5 -i . 42 4 5 1) . u9 C 4 ,~

u,.4 04 F, 55 ,.q. b. -,2 7U 5 r. 1

u .b 5)•.a7O b 71 0 u 7, .- 1 7 . .
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SF test 4

A( GLL

3ILP FUNC f1ON

HMS VALUE OF CRR IH
. 7 1.76 1 ,,7 U I . 47 1.5 ;l. ,"

1.11 1. 76 2 .04 1. . '.1 .1

1.9. :. 2. u -. 04 i ,?

1. j9 1.81 1.80 1. mo 1,79 1. 7i

1.7: 1.73 1.71 1.u 1.6, 1. 1

L,,) 1.66 1.61 1.u4 1.62 1.
Io I .t)01 )2 1 o.5 "o 7 1 6 1 . ' 3 1
1. ,2 1.nI 1.57 i 1 1.5j 1.

1.62 1.61 1.b7 1. r,b .b5 I .
1 .6- 1a .32 1 ob" 1 .0 1 1 o .. 1 u

1.56b .12 1.56 1.26 1.. 1-.

I1. . b 1 .57 1 ',7 1.5b I *

It.b tl.b4 I. n. 4 . ,i

%i AN OF HRMSz 1.61

TI im, X TARLiT (.EC'
1I 1 O o .00 2.u1 5.G , ,

091D5 U . lo n1 G 2 5 , 3 I.

12.3b 116.04 13.,1 14. 5 1 .56 1 .1

1 C: o 17.bl t 1 1j .61 19.b ,o 2u .ft, e4. '

2'e.72 23.5 7 Zi . 7t ;-3. 77 2 6 .75 27. 7.;
2 : .22 1-) 7 9 56 . 93 1 1 -1 3 1. . :

.3: .2 37. :2 ,. 3 I ,.. /

,4.27 51.52 4E.* e-.5 3 o2.9 4-4 .

,1 (a 6)7. 1-) b8. I A3.15 -c.O 71 1

6Uo58.1 61 1,2. .17 3 bUu4"

bb.2 0  67.2 2 Z .0 '9.77 7 J.3 7i. 1
1 ._" 1 5.. 1 o 3 74 ,o, 7 i5 n 7 7 t,.4 7 7.,
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SF test 5

,i JLL
STEP FUNCII"ON

RM. VALJL OF LRAl

1.7 1.72 1. 57 2.l2 1.3
1. I. 41* 7 1 *7 Q 1 0 LIU 1.6 .

1.60 1.Q5 1.63 1. 7 1.b 1

1.o!b 1..5 4 1. 34 1 50 1.2"3 1."
1.29 1.27 1.28 1.28 1.2 -
1I 48 1045 1.4O i s 1.4 5i.,
I.* 4 1.51 1,,58 1. . 7i

1.53 1.62 1.63 1.0,1 1.6, 1. .

1.59 1. 8 1 .7 1.57 2.57 1.
Io, 5 1 .b I. o4 1Si.5 i. 1

1.62 1.,30 1 .iO I. 9 1.5 1 .

1.57 1.59 1.b 1.01d 4

TIML o TARGET ('E C)

.4 1.0 17.01 8.0.1 0.01 .- , 5
1a.O1 o 5 12 . 0 8 13.1 ',.0
1.13 17.11 I o.14 19.20 20.20 21.14.
22.2 23.22 26.79 24. -7 ?i.5 2:i. .q

2 7 .5 2b. 7 2 .. 63 ,31 ". 51.70
35.-5.a !5.8 4 .'-9,' . . ,) A . 2•

543602- .* 51 . 2 40 1) 4, 7 .3.Iq
).'2 46. 4 .. 3 .t. .* .

:)A 2 7. t 25 6O 2 51 2 3'; b2 , 6 u. e
C) .21 50.2b voed 36. 11

6-.13 f613 7.17 66. 6-,.2 L
1I016 722 2 ? ? 2 7.2 L" .4 t[

71.7 77.12 1.8 u7 77...., 7 .
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SF test 6

-ILL
rTFP FUNCTI3N

1, i, V ALIJ UF L ,i<

1.13 1.11 Z2.O' 2.s50 '0 .

7 lo 7 6.'j" i.i3 1. 4 L.

1.14 1l.L7 1 08I 4 1 Io&4

1 l 1 4. 1 t74 . . ,d

7o 1 7 2.7

1.33 io.8 1 .I, l5.-b 1b .4.

I 1 .b94 1. 61.52 J. A

20413 1.4 2. ~ 2.A 2.i ~

51 1.51 53 i . t 1. I. 1

77

-)g4

--A ( F -.-I. -

1 '.1.. (N rAi,.l [ €' !

P.21) 1.2- 7 . , 22 z5 ,.fs

1 0.35 1 1 tl41 5 *5 1 13.l 1"-.3

l6 b 106 86 1 7 .to 1.4. 10 i 5' -4 ,

20.15 21.k14 22 .1,3 2 .. ,.o • - ?

Z-).90 2 be 2 27 .,1, -''.Ji2 7 4

5IO3 11. 1 5 5 , 04 . Jo '.J 7 b

1 1.Iu 5')1 5 .1b .,) 1t 1 7 '-.

4 5. 2, 4, 22 ,2'' '5 2 .7 .2 " -',

,..37 49o0 14 . L 4I . 6 " ,'

" .1 1,4 .q I-S ' L, .I , L, Io li i 1. 0 )" ,i

56. 3 . 7 70 *40 71 .,. 7? 5 3 ,7
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SF test 7

S LP FUIJC TIO,.

rMS VALUL OF Lti JR
2.77 1 ..57 1. 09 .01 0.91.

2.3j 2.46 6 2.5 .17
2.02 1.99 1)D 2. 1 o.4 I.:

1.87 1.88 1 .8. , 1I .*L I4 /.

l1t . 7 . , . 3 I.)> I. *

1.87 1.87 1 .6 I % ', 4• 1 . .

1.90 1.,.O 1.90 1 . i iC i...
1 08 t 1.65 1~a *I.- 1 a 2 1 .7 ) .

1.76 1.78 1.76 1. 7 b 1.l I. ,
I1a77' 1. 78 1.*7b I11* 76 1 .I t, .,

1.72 1.73 1.72 1 .71 1.7U .1?
1.77 1.75 1.71 *. l1 7: .

I ,AN OF t M z j

0.00 U.11 7... 1.)b 1.3,

13.33 1.4 6. 13 15.39 1 7 . 39
1}. ' 1Oi, I o4 19. 15 1 1).81 .

21.20 ?2.2 2.i1 2., .27
;2,4. 73 2 S b9 2.O Z7 . 7,1 7 ,1 I.-

30.79 31.79 6 .J ) a ,3 7 4 n9

3t-. ) 3 1.,i'd 5c. 70 S7. 72 f. 72
).6b,, 3 . 7' .7 9 't1. "

"5.d.4 62 "6.b' 47. +t . 1. ", 'i
-0.9U o 7 .9)9 :,.'.97 b .9b, 5..97

S .2 j7 .4 56o.56 ..
1 . 7 2 .47 13 c( 4., a i,0 t 055 L_, 1

30 .t0O 5 bL.d b0. .5 7 ,,0 / ,
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SF test 8

4JLL

STEP FUNCTION

M S VALUc OF EtkkER
1.94 1.91 2.962 3. -5 0. - ...

2*6 2. 4 2. 2.23 2. 3 .
2 4 9 294,5 2 .4,2 2,* 35 2,27,."
* ij16 1 1,1 ,0 09 2,.J4 .,L * .1

2.01 2.02 1.97 1.'b 1,. I ',
1.89 1.9' 2.00 1. )8 1. L I.

1.b2 1.AO i. i0 1I 1 1.77 .
1.74 1.7b 1.71, 1. 1 1.61 -
106 1.977 1 .7 1.7 1.74 I I .
1.7b 1.j2 1*o 1 7 1.k 1.-
1.77 1.77 1.77 1 7u 1.7q 1.1-

1.73 1.72 1.73 1 .11 1.7t I.

1.73 1.72 1.71 1. 72 1.7 .• I

41AN OF KMS: 1.90

TIME ON TARGU (',EjC)
0.06 O.54 U . o 0. .5 l
3ld 4..20 bo1, 6.21 2 L

91 7.18 1.19 9.20 1U., 11. "
12.25 1.2b 1'2o 150 .b 1 3') 11. i14
1 7 , 1 1 . 0 L9 1 . , 3l 2 1 , O . '.- . .

23.10 2S.:4 2 b. 12 2.7
2,1:92 26.17 27,1b 2 b. 2 '.,2 G u7
31,*25 61.02 L 1 .95 33. .0 .18 3 .64
3t). 05 3 ,(7 -517 .1 u bi. 16 '4 ,12 o

4 U a9 41.49 42.o51 .i3.7 'i4 ~ 't."

4.11 4E6.13 4t. .". t3.2 4.,.0l U.
,j0. 71 50.82 -_1 .57 2 .3' (. ! .5 " -)' -i .::'

b ' 42 5!.') 4., & ri 0:7. 12 3,s.72 . hi

"0.76 tI. 79 0' -/8 t23. 7 b s 6.7f.
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SF test 9

R OLL
STEP FUNCTION

R MS VALUE UF ERRjr
2.24 1.76 1. 1 .'4 1.41
1.046 1.o,7 1. /L1 b 1 .9 O 0,::
1.0 1.7 1. 1 J3 1.3b

1.61 1.5 1.51 1.b4 1.52 1.11
1.78 1.7b 1.13 1.71 1.7
1.76 1.79 1.76 1. 76 1.73 1.'U
1.70 1.66 1.bb 1. 6 1b4 1. U
1.60 1.68 1.67 1. u4 1.65 1.
1.61 lb1 1.64 1. 7 1.72 1. 1
1.72 1.69 1.69 1.bb 1.66 1. )
1.6b 1.63 1.63 1.61 1.60 1, 1
1.61 1. cj 1.61 1-, 1.59
1.57 1.t7 1.57 1.-)5 1.5 1.
1.54 1. t,4 1.0 1 •,, 1.5 1.
1.b6 1.,) 1.5 1.5 • 1

,IEAN UF RFS= 1.60

1I;Mf: ON TARGCT (S ECS)

0.11 14. I..9 2.3 S.SL 4.,
5.1 6.31 7. 6d 6.36

10., 11.26 11.3 12. 6 1 .4 5 I .

13.81 14.b81 1 i88 I r10A.$ 1.
16.33 19.36 20.36 21.5) 22'..
22.99 23.97 2'5.0u 20.U5 i7.05
29.04 30.12 31.12 0.2-1 Js.IO 14
35.14 5.13 5.53 . 37.97
40.02 41.03 41.75 41.12 42.4-,
44.51 -45.47 4 6.52 47.s9 tj 6
50.61 51. b u25 b . + 4+.64 ,.

55.93 t6.b6 57.57 i. 3j.
61066 L, 2.0 o, .6 c. 33 t. ,.6+ .1;. 0

67.7m W4,.77 69.?2 b9.)3 70.53 1,. u
72.56 3.u2 7'..2 7 75 . 1 7,
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S F test 10

4 ,LL

rLP F UNC I lUN

t<MS VJMLUL OF ,.i

U.I . 1. 1.-iC I.
1.4 1 .6 1 . 1 .G.

13o57 1 .3 1 .- 1- 1 . 4 1.+

1445 1 4 1 l045 1i, 56 1o,5.
1, 49 504.8 1.47 1i.P+.q3. , i

1 6 . 11 '71.i 4 1 .7 t. L1

1°42 b,45 1 .4-) 1 . 1 1 ..
1.49 1.42 1 .4 11. 4 4 1 , ,'1

1.01 1. S7 1 1 *..0.
19S4 1 9,.53 I ,1. .. . I.
1.Z 3b.5 I. ''I ,,I . , l .

I.o44 I. o 21. 4 b I . .1, 1. 1

1 17.01 7.4i7 7.6 742 1 6 4 -3

,li E A N JF K S= 1.417

TIP't. ON TARG,;T I ECS)
U.2b l.ul 2.0o 5,oJq . ! .
tOh 7, 10 .15 U, G6 "J 4u jI . C

11 a 2, 12,.61 16 .. 1 14,? "1.? 1 4.
1 -3.0 L4 17°0 .:. J3 19 11 1 . z ' .'

o.+1.Ir 23o.17 2,. : 4J 15 ? I-, .l' 1' .,
2 1.19 .26o23 2 .24 350,_' 31.2-1+ ,

1. 2 5404 3 .. 3 , 745 . ,2 .. .

4 o 29 4 4. S7 4 ) . b '46o 6u 4 7 . 6, , ...

5t. b' *5'32 7I . 4' 5 1o 7 3Di:i.,
61 o59 02 a0 j2 °o~l 03. j, 0& 3,, 2

7 Uo 9 71 .97 72,98 73. " 3 75.0 1 7:' 2 .
77.07 7 7b 77.ob6 78.*':'2 7u 2 9.: ....
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SF test 11

R JLL

S Ep FUNCT 10,4

RMS VALUE OF EKiK

1.57 1.11 1.57 1.11 1.22 1. J
L. g ., .s~i .JG . ',1. -

1.27 1.2b I.:,1 1. J 1 .1 I.. I
Il, 1,16 1.11 .13 1.11

1.37 1. 6 1.31 1. 1 1.3 2. -.1
l.S5 1. i.141 45 l1 q ,. 431 41. ,11

1.59 1 .36 1I.40 1i. 168 1.,54 1.'

1.34 1 . 9 1 .3'.)I 1 , 011 .

1.31 1.33 1.33 1. 0 1.2 1.

1.32 1.27 1.2b 1.,e8 1.2 (. .
1.32 1.31 1.3.e 1.29 1.30 1 .
1. 2 b 1-29 1 .2-1 1 .2.
I1o28 I."9 1 _ 1 a,26 1.26 ,1 7
1.2d 1.Z 1.31 1. 2 1.2r, 1. 47

1.28 1.27 1.27 1.630 i.51 1.sj

AI AN OF kMS= 1.32

TI IM 0 1ARG F (T;iCS)
D.S 1.33 .. , .. '..,4j

4 b 6 .bU 7..1 U .i IC •

1 1.53 12. 6 13.5:, !S.., 6 1;.oj i ..
17.68 1. 71 1).70 20.& 21.66 il.

22. 3 0 2.' 7 24. 9 j o o2 ? - 0 n It

2 5 2 d3. 7. 77 50. 70 51.7w ," /

3,5. 2 3.060 5..s 36. 5 7.

3 '. 3 1-.91 40.'3 11. 07 4" 01

I.. 1U ,. I . ... 1
6 34 57.6 "3 bJ '2G 7 1

2 5 0 63.47 4 . 17 I .I) 5 70 ,

oi1.77 uA .16 o . 17 71 .:, I1 I . ,o

I .5,e 1.3.o71 7-. 1 7 . 7 J 7 ,.. 2 ,/

7d.d7 ?i.d3 1O.t b i~1. 1 I. U
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SF test 12

'XL
S It.V FuC I ION

RdMS VALUL OF !-R. ,

. .7 1.7u ?

It7 1.41 1.35 1.51 1.2
1..2-) 1.21 1.21 1.17
1 .37 1.5 .. • 7
1.35 1 1.2' 1..31 , 1. 3. (
I .3 2 J 1 * 41.2-1 1. 61 ! . 2

11. 1.2. 1 * .1.22

1.20 1. 21.I :i 1.iv 1.19 i
1.17 1.18 1 . .

.214 .2 1. I .. f 1 .2::z
1.2z, 191-4 1,24 l. -2 2 5

1o2 L 1.23 1.2e . 2 1. u 0.L 7

T.14 OF r MG 1 7i

3.Od 1 TOd 1. 1 2. -. 3'. ,. , -

'..O 'U$ .. 'S3 4 1.

1413, 12.51 15.4 1q b .. , t .,

1 6.60 17,,btI.i 9 '. i . ' '
e 1.7,9 2 2. 7 25.7b .1,4.174 _', 7::..

23. 7 -i 2 . 7 .9 21. U b 14 o.

u07 0 *1U b2 42 b 1 o,5, 2,.'7

7ib &A 4~ [u 7cfE,.6 72 6.8 u 72 6 
3 

6 7" L( j U L

73 I08 83 7 14 .9.3 7:),0 :15 7 ,. " 0 .I.

/b 1,2 v l . - .7

178



SF test 13

4' ,LL
IEP " utic. I I 0'%

fkMS VALUL UF :K

0.1.U0 1. 6 U.'i U. 7' 7 . f .

0.97 1 .38* 1 * 12 i .0 1. ,

u.9n .U . i.1.

1.2 7 1.2 1. >. i

I * 6S 1 1 * 1*71.33 .3 1.3 .k I.A I .5, I.
11..2
1, 0, $5 1,0 40 1. i 1.41

1S I. 514 i .4 i. ..3 7"

1.% 2. , 1.Z I.u . 1[

1.2. l.2 1.30 1.37 ..
1. .1.28 1.60 1..7i/,,i1.21 I1 . 7 1.21 I.)1 I.Pi.

1.2 1 .28 1. I- t. ,
12 1.23 I .o24 1.2b 2.2? .

I A7N 0 F 122 .

7T1M' u[q T A r.6 tT : -'CL

S1 u -V 0 4 , .
6.517. t, .)4 %.; 60 5,

1 9 4 12' 5 S1 .9 . 14 .., 1,1 ,
1 7 .9 1 , J 8 45) '; l vb. 9 ,

.97 24902 . 1 I . 7
2 .1 F 2 . 3 u.2 2 z1 L I..

It.5 3 5 2 5 u .".9 7 : . -4 54" b

4 d.L t 1. 4

o.74 "1.a74 " .7 7 b .(1,279
5:. 1 )7. 76 D 8' . ,3 ,, ,[.h . . '

6? 1 . 0 ! 4. o1b b ',. 17 1, t,.1
6 .Io .17 70 el7 71 . i8 7'. "  .

711.b0 7"4. 47 7-,, 7, . 1, 7 7. ,
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';F test 1L

X kL

0. , FU'4L I I w,

i, MS V4LU OF " J.

1 .~.1 lcb .17.. 1 *,  . 1 I .i'

1 .. 1.0'. I.u'4 j. 1j 1 I '

1.4 ~ z 1 . 1: 1.i !
lob/ 1.17 1.17 j.13 1.1 .
1.01 1.0 1.22 l. .
1 .0."

1. 7

,1.17 1.1 7. 17 7.

ao22 12 i .1i I o ".
.1 f 15 . It I. 16 I

I~l a In1oi .1 t 1 1 7L i .i r1. L

II I .1. 1.14 1. 13 c ~ l 4

1 80

4 ~ 1,J 7 4r. - .

3",U, S , 22 3 .o6,/-1 I-.i

4 5.01 46,wJ4, ' .14 ,, I ,. i1 ..
I l. 1,32. 17 "6,5 1;", " . -. .

. 7 u .j., ba ' . ' ' .'
7.° , 75o.0 7 0 1O 7 7. l7 b',
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DS test 1

4 OLL
3UM UF SINE .AV S FU,4CTI1j

RiS VALUE OF LERCTk

u u I. I, I .. I.J , . .I

1.0? U 9. 11, * 1.11 1.11

107 l.Od 1.*o I .1 I . .

1.0 1. 1 1. 1.12
1 0 :7 1 9 70

so-) 1a09) . u 1 a 0 1 1 2

11.O' 1.08 1.1 . ,2i.

1,10 2.1 1.15 1.9.-42 .13.I

l~~l T I.I EI ON iT Ai i.I

b1 12,08 12 ,I 13. 6

6oli 1',* 1 1 .i b1 . 1 I*i i 5

21i *2 S-) 22.o',S= 1, 09

103.,0 , 1 9 ;, 2 ;Z 2 5 ,5, 3 . • .,,'

l4l.7b 1 ,0 132. A 1.J 7I.) 7. .
a5 6 ub 8 .u b 71 9; 71 n2* ') o .31

ti9 0, t20. 14 2 2 u2. ?O SL 5 b.' I",

181
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B~ test 2

W OLL
SO1 OF SI E WAVES FUNCIIUN

RMS VALUE OF CtrR OR

1I S .U' " 1 I I* U', -57 1

107 1.11 1.(6 1.a3 1.0) .1.08 1.05. i.{,3 l.J' 1.05I.:

1.07~ 1.05 1.U(. 1.u3. I.O0 .

1.03 03 I14 .o bl. £
1 .98 - 1 o 0, 1 0.10 1.J ') U,

1.0: I.U2 1.0' 1.u:, lob i.'!

1 .06 1 .05 1 .U. 1 .0' 1.0.

U098 1. ub 1~l 1. 1 2 1 .0-,.-

1 .. 5 1.U 4 1 .01 l b 1 .0,-, I

1.00 1.05 1.07 1.01 1.04
I .U4 1 . !3 1-.07 1i b 1.0,, ..

1.07 1,06 Ie0d lo.u 1.07 1..

vICAN 0[F' 1 .05

f P.IC O N TARG LT ( ECS)
02 U .7 ti 1 o7.5 2•7 3. . 7;
0 o 1 6,.78 7 o 6 4 8, 40 9.4 1 1 j.. '

1U.6(i 11.71 12.775 15. 71 1 . .. ,,

1 u. 1 17. b83 1 b.b 11 66 20.d-.

22.s 23.62 25.22 25. s0 n.45 7.

2 f,' 29* 2 ,'9.92 30. 79 51 79•
3. t° 0 3 ,4 19 .'_j,22 6b5 ,4" 7 2 2 + .1-

39022 4 0.o2 41 *2e 4.6 '.2 L
4+ '1. 28 4b o. 2 7 5 .. 3, .S56 4 , i o 4. 1
:) I1o3m :5e. 1 7 .4Z 54. " , -i. 4.,.. 6

u7. 1 b7 .:4b7 ) 4 5' 1~ 4 , •"'

be..Sb , .U7 b.o, 5. ib 5u.0u . , l7
,  ob. 5'.ob 7U.70 1.72 . 7

7 5.40 7 4. 33' 74e37 7 5.905 7..o6 7 .i

77.91 7o.41 710.1L) 0. id 1 7. " ••
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iZS test 3
• ,1"LL

SjM OF SId , AV" FUNCT10,'

RMS V,,LUE JF d ,xkOk

1 .K.? 1.2'u 1 * 1.11 

1.17 1.22 1.14 1.05 1.It 1.1
1.20 1.13 1.07 1.11 1.07
1.0,J 1.08 1.10 1.11 1.0t
1.11 1.14 1.10 1.11 1.07

.07 1.03 1.07 1.3i 1.0, . .
1.07 1.u9 1.03 1. u7 1.Ou .
1.0i 1.06 1 .ou 1.03 1.0.•
1.06 1.07 1.06 1. Ub I.0S i ,)
1.05 1.07 .Ou 1. 0, 1.06 1....,
1,07 1.06 1.0,3 .u7 1.07 I . I
1 .0 1 . O b 1 .0o 1 0 0 b I .0 a •it

1.05 1.06 1.0oE 1.d7 1.07 i.

MEAN OF RES= 1.09

I I AE UN TARGLT (SECS)
G 0 1.13 "20.61 .10 4.1 .

£.13 7.18 h. ') . 1 1L'.v L. 1
02.2 15.15 14 31 13. ( U.51 17.i
a0.31 1.5 9 2 .36 213.43 22,5..1

24 O" 2 b-&30 2'!, .2 1 21 1 0. Z;,.51 . -
3 0 . 5 31 '- 31 2 .2., 06.) ,5,5 43 j 4 3, / 5 ,7

35.68 S U.72 .7.',8 67. '2 .5 0q A
4 0 1 2 *U 2 ,S.0 2 44. Lo3 4'. t U , .t.

4.1 47. 82 b% 3 49. ii 5L B 3 :
:)e 0 8 5.,5.12 t) .91 55. ,u .92" .

5m.' 7 60.02 6D 04 61.', C G2.b
64.51 6b.b3 b6 .b a7.7 b I 0
70.47 11.46 72.10 72.b7 12.t3 1."
74.91 7,).9a 7 .97 78.d1 7.0 U
00.'0 i2,.u3 62, 7 ,6* j.. 2 t -. 4
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DS test 4

-i OLL

U L L 6 ~ 0

I, 0' O 7 - .L) , --IG0. a - - --. .7 1

U 9 7 U. 7 7 6 'i , ,. ,..

1.02 1.00 j,.7 D.0 c .. "

j.094 3.30.) . 97 $ .. ,

0 o lb .)7 . 50 1A 7> , J•-

-- 9j ..- ". _. - . . .

0.98 0.96 0.97 j.'I .9g 2.
- cl &I ' - -J A( 4

VEAN (,F RMS= 0.96

* €. q , t _ .. .. . .

1 7o61 13, a 1 9.06 20 o U8 2 1 .1 u 2 ..
2 .. LL 2 . . .1 . " ,- 1.

2 .20 3 . 0 30tAJ 310-7 a

4 .7 2 1. 72 142 7 4 0 o79 4 .7. q',

-- ~. 44 4~2 J 14

1 0.5 3. 3 o to3ti.57 4 . 9.

77 .,,d lO. 3 77.7 7 '.. .
L -L _ . "
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)S~ test 5

' OLL
3 GE lF f_ F 4gd~iLliLLL .......... . .. .

I"!:_ V .LLA_ .If.._L aO, __ - . - .-
I~il1.11 t.o 1 I ."7 . ..

_ _Ll ~ L . t '-,. -. - ' - -- ij

0.97 1.07 1*d3 1. , j*9 ..

3.99 1.02 1.003 1 .0,
...... i_ _ , _.. _ _ , 2_ _ _ ,. -. L.LL_ i,..L ..

1.02 0.q5 1.04 l.u2 I.ou
1.03 l. 0. _ 1.b I LI.... _ .LL_.... .i ,

0.99 Z.92 1 .01 1. uO 1.Q G
.. ... ?_I_.. &A, I . I, i -.. - . . _
1.00 1.00 1.00 1.ol 1.01

... .... 1 -. . . . I__ A _ _ _11 . . . ... j, Z5 .. .. 1 . . L . . .

1.01 1.02 1.02 1.J2 1.0.U
1.0_2 . 1. n .. 1 .05 .i.L _I . ... .- .,,-

1.02 1.03 i.02 .1 l 1.32 1.0"

!M-[AN OF R.IS: 1.02

TI14. J I AR LI (SIC S)

$ o.Ob 9.10 1 . 11 I . 1

I',.5 12 . 3it.2'- . h , q 2...± "'

.. . .v* _..__ ___j !_ L .. .. .1 - .,7 . .. .

- 7 .5 1 59 1 4 1 9 ., 2 a .91 1.

4 74 51.177 £1.76 52. 7 . - 7

ale 51 01 61.971 b2 Z,7 .. 7 7 't ,, 7

7 .0 .7. U7

0 5. - ,77 . . -7 _... 7,. ;
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as test 6

:( 3LL

I.I .! .-- a - 9 -- I.

U . 9 .. ...... • 1

3.97 1.00 &.o' 0."6 1.0 .

.9U.93 i

J.,99 0. 7 I .U1 1,ub U.9., ,.

0, I0, 8 ° vU. *3 I,.:7 ,
. ... L Li l _,.i -- _ _ . .. . . .x. ._ ,-7.. . .

1.91 '3.98 1.°01 1. Ji ,.')7 L.

0.9b 0.-j7 0., 0. . 7

,.IEA:, OF RMS--. 0.98

TI It: JN T A ,G E.I IS FC s

11 •.3 12..56 1 ' L :_._._Jj i L .. . .zi/ . . -. .I....

I7.4, _I. J I 1_ .0 _ _ _ ._ 2 L.a6 Z

2 6*62 29. -$b 5 J . U 4 61. 5s o " 73 6 7.

5 o4.5 qi 0 4 7 4 L' . 7 7 '. 7

7 21.01 :, 6*. .....

. .. A .19... ..8 .612 . _ z. sIZ -
2~~ ~~~ 1 16 b5 5 2 2 , 1t

7 76d 7.3 8 7-4 uo 7t).9 j 7,-..7,'7 .,

186



N; test 7

') LL

Su OF SI.4E WAVC. FUJCTIO:4

RMS VALUE jF 1 R0;-

1 . -j 1, 1 )4,, 1 7) .P

1.7'. -1. 73 i .7 .2 1.6.? ,
10l 9 1. 7-1 1 ,t: I t1 * bI 1 •
1.6. 1.65 1.5f .rl 1.. F,
l.7b 1.79 1.7 1. ,4 1.71 1. H.
1.714 1.lo 1.73 1. 0 1.7u 1. 7
1.7 1.76 1 .i0 1.7 1.77 1 . 7
1.75 1 . I t, I .7o 1 .1I 1.o7 • ,
1.75 1.7 1.75 1.11f 1.73 !./7

1.76 1.75 i.7i 1.7 1 .7 . 1 *

1.77 1. 77 .7 .7 7. 7 1
1.7b 1. 7 1.7 1. 71 i.7u .
1.76 1. 7 1.76 1. 7, 1.77

1.7o 1.77 1.77 1. 6 .7 

:2AII OF RMS= 1.72

TIME UN TA RGFT (StLCS)
O1 1.19 1. 9 t3 2. n.,n ,b

4.7,4 *78 0 1 8 . .. 1

1Iu. 3 lO. 1 4 7 , 1 4.7 1 . '
1 3.30 14o.31 1 b 8 1b o iu.5 0 j.!

11.03 71. 7b 1.71 19. 1 23
20.77 21.45 22.,52 25.1t. 2 ') "-, .lb
24o42 2-1 e48 2,). 2 25o 76 2 3
2o.93 ?7.27 2.2 29.)
311.88 3 j0o2 S1.6) 32.J
35 -5 3. * 05 Is.°I t 06 3.5. 13 5:) 4. 3

36, "0 22 o,, 603 .," .

39.1 4Go10 4. 0.t 8 41.29 42.31 -, .
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-D . test 8

,)LL
,;JM OF SINE wAVES FNCTION

Ptml V4L.U:T. OF f ( HOR

I 1 12 U
1. 6I4. 6b 1 •. 20, 1. 6 - 1. 5u

1 3- *4 b 1 1 !.
1.56 1.-3 1 .57 1. b 1 .5

I..35 i .o !I 1*6 1.551 l bl.

1.51 1.t5 i bs 1.-,6 1 .; i

I. t. 1.52 1.b4 1.54 1
1 *52 1. lobo 1. -2 1 0 -j . :I

lo54 1. o57 l 1--61 51, -

1. 5:) 1 0 t I a t2 1 •. "5 1.05 2

1.5 b2 1.52 1,.5" 1. 1 1 .!

1.5' I. 2 1 .52 1. U 1.51 1 . I
1 o49 1.50 1 .,9 1 *•- U. I l.,) i . r2

.EAN OF RN,3S 1.50

TIME UN TAKGFT (SECS)

O.b 1.13 2.09 2 .,4A -.1 .A

3.84 .38 '. e3 5. 1 .83 - '1

60,41 7.,)4 6 0. 5I 21 1

10. 4 .lb 1.71 12. 31 12.2' 1.

13.ob 1'4.21 15..5 l ,.31 1t .

1 17.63 11i. iAi 1:.7 4"

22.*49 23.54 2 24. .3 -

21v,62 30.03 30.32 1., 1.3U I

32.69 33.70 34 *7 34. -.7 2

3o.45 37.22 37.62 37,98 5 ,.2 3  .1

.5 .18 39.17 '*0.82 41. 79 .

43.02 43.99 'i.o2 45. i4 4

b.52 47.-36 It ,, . 6 ,. 71

188



3 test 9

1 )LL
uqi OF SINE WAVCS FUCTIO:4

RMS VALUE Of i Rt $N
I. u G. U J. , 1 L , 7 i 1]. .

1 0J U. -13 C ,", 7 I••."I•I . .

1.,07 1.22 1.01 1." 1.9 ..
1 a0d Us )J 1 1 I. a 1 .2b 1.

107 1 0 , t 1 • il*u 1.01-1...

1.09 1.09 UI . 1.06 -.

lOb 1.10 1.10 . ]0.

1.03 1.07 1 .05 1.6 1.06 1 • . 1

1*Ob 1.0 1 .0t I 1.u6 1. -1

1.04 1-.3. 1.Oci 1-L7 ..

105 1.4 1 07 .u 1.0

1.Oh 1.08 1.0 0 1.u' I.O, ,

1 0: 1.04 1 .04 1.04 1.07 .

1,Ob 1.-) 1.04 1.5 1.O (.

1 .Ot L 1 06 1.Ou 1 u-1 1....

MflAII O' PflS= 1.07

IM %0rU4 rAkGCr (Li[CS)
0.9 1.29 2.2,5 2 .4

.b 5.99 bI." 7. l
).90 0ob4 11.91 1.i .l .

14.96 15.40 11.9 16.71 17.71 .11

19.71 2U.72 21.74 22.75 ?:.77 7 '1

2).75 2b. 64  27.82 2,4.60 2 1.77 :-

0 66.56 330.58
31,85 32.0 So5.5 5, , * •

41.41 2.16) *: l b q3. 72 '. .

47.14 7 .4 8 o

31092 32.82 b53.38 55. 11 :..72

6b.11 .6.79 t7.77 t)8 :iSgbl u. 1

61.87 62.87 03.b0 64.,,
,37*58 o 17 09052 C, 9, 0 s6 0 7 U .

71*27 2 7 2 .70 72.- 7 . " -

,.9



l'.2 test 10

'a OLL

iUM OF SI.4E WAVES FUIIO:

iAS V;,LUE r F F'RJR

I .15 ~ I L. .1I 1.. 1.0 Ut *. 4

I . 1.01 0.1 41 4I

3 970. 7 1l.9d9 C.
0.9!31 l uo 0.09 O. il 0. J . -
J.9 7 0.97 J. 9t.,", 0. 9: ,, 7

009") 0.96 1.001 0 . 7 u . 97 .'
0 .9,f 0 .9c 0 .9" 0. * 7 0 .9,u.
0,.94 0 1 O.U O,;o 0 . o ) ) . 9° -

u.97 0. 7 0 'i O. Jb u.7 .

0.96 0.95 0.95 009L.9 .. 1:.

U096 O. a 97 0.9 0 • 57' 1) .)6 . .
0.a9 f 0,,95 0 .9 0 7 1, o. 7
O.96t 0.g O.0 I.,. 0 09-,1).

I OF RMS= 0.96

1 I IE ON TARGEi (E C)
0.94 1.14 ".lb 4.iJO .

.7. a 1t '.

17.01 1o.03 1 u'U.u u3 I .. 0 ."
2 "oa12 24.0 ".10 2 1u L. j9 _7. 12 " .

.50.10 SO..i 31. 12 j .

3 H.05 53. II b.75 08b 3 . iI ,..7 ;- '
E 7 47o 8ul 49. -9 932,

209 53. 11 5.*74 7. 7 .71)
7,. a :}3,.22 b9025 .0,26 51,*2o t.)

..- 23 64.52 65.13 25. 70 ., 7 1/I
6n . 7 6',.72 7 u . ,5 71 , 73 7..I .I t.
74o,,77 75 . ts 76.Ob0 77. * 7 7. 5 ; +
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DS test I I

ri )LL
',j4 Ui SJ N_ WAVCS FusCT4U

I U.0 7.' U.
1.00 U., 1.'." ,.' 1.0

+ .O*J6 1.0 4 .,7 1. 7 . - •. ,
1 I.O 0 .0 39 1.-04 O.,0 l)d 1 ..u

.- Jb U - -. ,?
)9, O g 0. ,1.3Du 3. "

0,9 0. J7 0.,, 0. ". '.3, ,
1 000 0 • J18 b .,o a ++u•":

1.00 3J 7 b.,1 U. J7
0.9, 0 3.'48 0 .,jb 0 . .9 7
0.99 0.i6 U .'j7 J. 1 . 7

0.97 U.oi7 0.98 ,...

I;A ()F R iS= 0.98

T I M i ON I AliG" S L.

I .0 u • ".4o S .*I 2 it "
7°.iu I+. 7C L.0

1 7 . 3. 1 . 3f I . 2 .0, ' J.7-. +.
:)G+ "2 s. 2,+ 5U 25. 64 -).S4 ' 7

21.03 -b, 7$ 2 J~ ,0 O • 5' 1.40 ..-

3 3 " 0 .1 t3 " S J4 4 1 4+ o 0' "

3 3 j.O !'..7 46 .1 47,13 -1

5 G0.22 " I. a 2 5 2.22 .53 .0 C) ",,.,

.52 " u,5.8 37,.5 b 5 . A
31.027 a2, * 62 u, .3, 0r7., . 1• ..

6b 8L .7 .. t)3 5'.b69 G .,. 7U. u' .b

7 .8, 73. o oU 74. o67 73 •.7 7 . .t . ,
7 .7S 7 1,7 2 0.o72 3 .: 1)7', o, U o u

191
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f5 test 12

Rt uLL
3'JM4 Ur SI ,E wAVE S FUcTIJ

R4 s VALUE JF LiNu.

1.5 .03 L.CJT u. J u.) i.1.I I.U u I
. iu. u 1.o1

0.,)1 1.00 3 0.1 0 2 i. u

u.91 0.95 0. v .9- 7
u.96 O. b98 C .9.47 ,,..-9
U,,9 0 . 'it.9) u. -i4

0 .9 .09 4 G.. . ..
U .. Oa. ! 0.). 1. Uz .. , 9.,
u *90 0.,+ 0.J2 0 . f,, .'u :

0 . v 0.9. 0 . 9. t) J€, 4. -: 4 "

1 .95 31.-12 * 93 0 •j 0J< - ,

Iw;',Ai; OF M'S= 0.95

1IME N TARGL] ISLCS
0.-5 0 0.6" la,- 2 .5 . , ,

7 .4.

:. 121 1t;. 1-.
170q45 1h 46 1 4. L0' U .-4 1, ' .. ,_

"5.0 2 2.7 2u ;.*

2 . 2 30 Uj5 1 b 2.70 :7 1i7
5 '+.7 2 3.5,,, 7 4 5 7. 17 .5b, .' 0 .",".' I -,

*6.t9 7 .Y9 O 7 5j0.*U2 D I. .U..
*.U 7 54o.02 5 .0 : 6 . 12 7 . I I .

61# .14 6!). 8 mb o521 7 . 5 .3 .t .j

70 .,i 77.b 12.1. 73. o2 '.0l 1 ,

7,, 77.1 7 790 3 If e345., 34u .)i. 7

192
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L);" test 13

JLL

',J4 Jr Sl, E A;,AVL FU'NCTI3

IMs VALUE OF LtINJk

. 7.1' 1 . ' . I 1 11 . i

1.07 0.)8 1.O, J. 7 1.J1 .. I
I.O 0.( .,".
0.99 1.07 6.09'5 0.) 1. U 1
0.9 1 U 9 .4 ) oU. -j , 1 0 f.
.0 90. e -#b 0 .9" IO. 1I 0. 1 10.

03.91 0. 5 0.'14 J. -)5 U.9 .

0 .9 0 .,3 u.95 0. J3 . -;,,
0 . u 9:j 0 v 4i 0 . '0" 691

.9. 092 0.9. 0.,'

1.'AI. OF R;iS= 0.94

TIMri 0)N TARGLT (SLCS)

.o-H 1o.19 .. 1 . . J. i

11.23 7.2. 1 .J .2.. 1 1.?? 1 .
12.*3 0 1 o3 .54O 1 114.) no-d'I i •
I17.6 b 13.08 1 1 20. 3 1 5 ,* . '
2 5.33 2,f .3 2 .31 26. 57 27 . , .: z.,

2'j. 4 3U e45 31 . 6 e.-) 5 .44,

6'. !e ., .6 qO 9 1 *5 4 6a -~;,4 b .i :),

71.71 72.o73 7o 7 7 72 7 , 7 I .

77*80 7b i 0 7 j .?,3 U. 7 1 . 3 . U1

i 193



MK test 1

ILL
, OF ! . . AVLz> Fu C 0,O 4

1 '. PL . 7 .f, .

1.' 1.'2 1.3 T.1 1.3

1,3.5 1 .54 1 3u 1 .51 i.
1.30 1.31 1 2!i 1.0 1,U 1*
1.30 1 3 1.3, i 1.5 1.57 1. -

1.,.17 1. ,U 1., 1.33 3.'i .
1,157 19,43 1,4 le J '1 !. 1i

1b7 1 70 1.67 1. 6 I,.17 •1.:

1967 louts 1.71 1.70 I.G7 1 7
1,973 1 *T7 1a13 1 07.5 1 .72 .z
1,72 1, . 7 1,o72 1 . 76 1l. *i I. I

;.:!A0: c L '  S 1 . 50

T1 If ON rAkGLI (S CS
0.61 O.c 1.?. 1.a& 6., 1

2 .9 ld 1 99 .).Dl 60 Js5? O .:
.dO 0 do61. ob 10. ,-, I- 1.6 .6,

12. 1 .5 .Ob l,.01 1.. 5 I-.21
17 o!1 17.o Ei 1,. , 219.a-' 20. 0 17

21 .b 22.28 2 "3.;5 2.,5 2-.- C
23.9. 2 b . 2f. 1t 7 o ,2 9.7 dd
27oo7 26.13 2.10. 13.?,

32.61 32.10 ),.', , 6. 3A, 3,.

5~~~ ~ ~ ~ 4 1 2 3t

4657 4 o47..8 2 48. 3 ,..

5Uod1 31.n6 52.27 j2.' --. 22

194



i iK test 2

4" OLL
>J4 iF SI .E , FU14CTI,,

tA,1_ VALUL jF L rdRJK

loll I.:U 1 -7I.L i I I l
1. .b 1. i. 1

1* .44 1.'1. I .1.>i/ 1.', .

1.4b 1 . t9 1.'*7 1.94b,

1.41 1.4i 1.b 1.57 .. 51

1.3, 1.37 1. . 6,I .1 I . 7
1 1. 18 1.5 1. b 1.7 1 7
1.L 1.37 1.41 1..: 1..67 .

1.6 1.6 1.3e 1.5 .j
I . .t3 1..4 1. o 1. 6 4

,-.AN GF M-3= 1 .37

TIF 1 ON T ARGZ T ( S -CS)
0 . j,1 914 2.019) 3.2J 1. i 4, 4

).4 . b 7.59 !. 1". 1 u .I
10.25j Ib.98 11. 096 12. 1 2?9
1 .2 3 114- * S3. 5

2 loll) 2 1. 21 .9? 22. ,4 L.5 -. ,

2 h.8o 2,).77 2t,.7. i 27. t-r, .32 .
1340.07 31.0 2. 1 .

S 1 .t, 3V, Od 3o .9 7 33) * -7 I, u .• I /' . .'
4~~' be$ 4 '14 4 7 '

1~6 4'2 . ' 1 4 7 be4
4,1.86 -.479 iU.7b :1. 0'.2 b

, . 13 .78 -* ,. L 5..19,
7 .7? -56,.2 1 5"1 o22 63. G9 j 3 m ,

195



r.Ki tust 3

A )LL
SuF Ar. .AVc& FuNcrIo.:

kMS V , LJ . L k 0
,

1~ 13

1 121

1.11 1.13 1.1. 1. 1.0u " *

1.20 1 19 1.1u 1.21 i2i ' .1

1 .21 1.021 1.1 1.9 1 .2u j
1.21 1 1.21 1.22 1 .

1 .20 1 2 u 1 .21 .3i2

I~i OF i .4i

T ,O 4 L;I T C

b. 1 b, 7 .tS

10. A lu . 13. 1 I4.. .

t1.' lb.12 ol .I1o3.103 1. 1

u 12 . 221 2 22.4 :t'1' .5-, I9 .' . . 1 "21 . l' 

'1.1 9 i. .9.7.4 i, 'j V...

4 . .l?1 41.Ut .7

4 .214 1. 1 1b7.1 1. '46 o.
-> u 74

.20 ~ If 1 .74 2. -'48'J

b..597 b. 7, ."7 7> 5,' t

)*5. 3 "b 3 o 2 7 2I:.4 7

641.47 t). 47 48,I ,u5 i7 217.O6 :

196



MX test 1+

-JLL
'JM uF SINE WAVEi FU cTI L

K , V AL UE if Li~k.jrm
1 7 1 11 1t:1 1 . . 1 , 1 L *

1.0 112 - .,13 1.1 I 1."'11 3 1 * 1 * .1 1 1 .
1.07i 1.14 1. 11 1.12 .li 1.'1

1.10 1 09.I . ,!. 1. :

JI oi5 Irs= 1* 111o51 -

1.01 1.l0 .7.. 12 1 13.

1 0 1 1 1 1 . 09 ? . .r *

1.3 10.5 1 I

1071 1. 12 71 . 2. 12 1, . * ',

19

1 . 0i 7 t:S 1.1 11 12

T I M- JON T'A RG I f . , C
-o.TF l..75 , ' 7 ," '/ -. ', so , ,

0, b 11 5 ,,u: .. 01 1. - /.

14 o2, 15.".. ' .' 17. 1 1 i_ .17 3 .1,
13096 Z'.) 2U 9 uI 2 . ' . . - -
2,t.o8 7 ,:5 18 2-,. ."/ 27o ",z .i3 : -'

23 .9 40 .' c).0 33. SS% 3t 0. 7 o I b .17
0, 9g 2 5 54.2 3T 1* "J ,,f 17 14
0%o9 'j.)8 4- 4u 1 47 )2 46 ' " o6. "' ".

4 0oP p -49. b2 3O B . 1 2 O"S 1 ,H •
514.41 '5 42 D . 6 57 . Mu 5 7. 7 ,.

6~ D 't0 ) 50b5 C)o to5 66o o3 L) 1.6( ,
, o91 10. ;2 71 .9 72,1 l7 l .L .j

197



po-

M.i tcst 5

R~ OLL
SuM OF SINE %.AVEI FU'4CTI,

NMs vALUE )F f R Jk

2 . 7 .1 1 . e . !. , .

11 -1 ..5 i !o 1.563 1 L .

1.23 1. e7 126 1.27 1.2.
1.26 1. ,4h .2 1,20 1.2 1
1.24 1.25 1.27 !,* 1.2 2
1.21 1.2 1.2i 1.1 1.20 .
1.20 1..22 1.22 1. 2 I.2i
I1o2!. 10 19 1.2 I. iJ I!012b u ."
I1. 2b 10 19 1i . I. I 1 1. 1 H']

1.19. i.i 1 i. 

11. 1 19 1.1 1. 13

1.17 1.16 1.1 1.17 1.1..

(':)FA ( PF,:.S= 1.23

TIAL JN TA.rGcT (SLCS)
0.Ot. 0.1 1.1'. 2 .1L ".21

a Z) u 60b 1 004 7. 1 :.1

10.14 11 18 1"12. I t2.iML1 1 6 it I
14 . 70 U 1 3 I -. . ) E,17*I - 14 i .95S 1 1. ,
1'.. 20 .b t' 21.; 22, to 2J.b 09 i, 0
214. J, 25o 10 2 ,j.16 27. 1,4 2 ., ' .;

29.00 30.0 0 1.(b 32.3 06. . ,

3 Y.07 4.0.vb 41.02 '2. J6 ,'.4 -,,."

J. 2 7 4'j. 56 nU. 41 z1.'2 . '.

-f 34:> ) 11."),)77 2 7 . 54
-j'. 71 :) 9 . 74 0-, .77 tjl 1 7' .,: 7. e, •,:

64.b2 b 67. 1i C 7. :'

S9.O1 ) • 1 1 /u.GO7 10. 17 7 1.1 7" '

198



MK test £

A -JLL
ijM OF S 1LE ,AVES FUNCIIUN

RMS VALUC OF LRjrK

0.00 L.25 1.70 1..t

1.33 1.18 1 .23 I..2 12-

1.16 1.13 1.11 1.11 .1-

I,1) 1,a11 1.013 1. 1 i.

1.10 1.11 1.10 19U3 0. i

1.07 1.U7 1.07 1.. 1.Oo i

1.0b 1.09 1.0 1.10 l.O.

1.07 1.06 .07 1. .7 1. 3 7

loot 1.00 -OU 1.33 1.Ou

1.05 1.05 1.Uh 1. u' 1.01. " 4
1 .O0b 1 0 u5 1.0 *. 35 l.O 1 -

1.0b 1.06 l.Ob 1.5-7

7::AI OF I'S- 1.12

TIME JN TArGLT ,[CS)
0 . 9 ri U 9 8 i1 6 3 2 1" GO . . • :

-)o64 6..5 b. U 7.:,5
1 0 ,6 1 1 1. 40 12 .2b 13 . 44 1 It.2 : .

1 6,23 1 b ."5 1 d °O 1b . j' _1)O ,: 0 1L

22.30 23.03 2S.b7 24. 10 , ,
2 7 1 2 2 6. I 1 7 9 .1 4 3 0 . 1 4 6 i 0 1 o il

.5.17 .54. 15 3 .ib <6,0
5 .2 &0 22 I.24 2. 6 ,J. 2 " .

4 4. L) 4 5 . 6 1 q 6 5 7 . Z, 3 b .bJ I

50.66 51.67 5 2.ob7  '3. S 5'4.6

z.67 37.6b 8 .7 - 9 . 72 L.7i ,

u2.71 t3°72 o.to73 5. 76 5 &7b :,- 7 7
S .-J 8 6 9., 8 1 7 b O 7 1 .' 3 7 , ," 7 i . I'

7 .63 7 .t)2 7:..63 76. : 2 77,62 1 .1'

79.oi 30,t1 .I1.7u i2. .,7 ,. 7

199



I . test 7

- JLL
S'JM OF Sl; .E wAd&$ FUAICTII'

NPIS VALUE OF f iOT

.gL 1. 3 u.d 6.5 1
l.¢Ib~~ .. l Vb J. 9l g: .

2.01 1. 3 I0.2 1..
1.d , 1. 2.0 2.1 7

I.9: 2.*02 2.00 1. 1.
1 .9:) 1. 0) 2,,,01 2. J-3.

2.05 2.03 2.07 2.J 1

1096 20 u  U00 2. u3
2.02 2.02 2.0 1.9 1." •9

1.g 9.C0 o6 .c 2. J .- ,

2.02 2,0U1 . 2 2.ul .. .-

1 .9 . 9 2.07 2. " .'. /

2.UL 2.0z 2.L 2...

;.,!':A1 0F R-S= I. 98

TIME ON TA, -GI (SCS)
U n 8 0 s il k 1 . . ) ' .9 9.

4 4r, , 4 5 6o. '.0

7.46 7.Jb H.23 °60 .dI . V -
l0 9l4 10. 0 10.9 l- 1 u~ 7 6. 1* '.

16.28 13.2 13. , i .* i •.

I '1 9 U 19.,.8 1 v..i, 1 .; iJ 3 =

2u.7 7 21.014 1I :t 21. "'1 " .6 0 1- . '

22 o 4.5.2 2*.. b 5 .7- 4
? 4. 1 24. 14 5 2-I 25. -) ..3 .

3 1.4o 31.l 77l1.71 7. ' . " •
3 4 s b5 5. .22 7

200
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1,K test 8

N 4JLL
"JM OF SItN WAVi>; FU'JCTIu.J

RM> VALUi V4 0hr([)K

o.-., 1 . l 1. 1 I . I I . .-

1.7? 1. 1.? 1 1.7 I *72

1 .7t 1.82 1 1c 1 .. 1f71.T 7 1. 7. '1 1 1 7 -1 .. 7

1el" . . , 1.77 1.

1 9.)2 1 " 1.11 1." "9

1 09.31 I .1 .91 1 a10 1 09 0

1.6) 1. 8 1 ? .69 '. 7 . 1,

1 .33 .e. 112 .

!,,,: l 0F R i. = 1 *83

1 0 ON T"AR.GCT (cSC

0Jb 2.2 49 ~

14 b9 I L. obi I I
IP.7 1 is.(I1 13 1 u 14.20101
1 5 ° 1 ) HI n . -1 1 I 1 6 l . , I , , )3 1 , .

IU.0 0 . u .4 31 a
55,. 0 . G.'7 - Z 4 ,12 5 12 3"-

# ,I 57.02 ')7.0i 3.10oU2 5 .7 ' .

5". 4 5 J .)8 'S") 60 '330 2 it 0,O " .
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I-IF test

-4 JLL
4~ OF SINE JA4Ci, Fu CTION

VALUE JF LRRJr 1

1.7 1.11 1.21 1.1. 1
1 I - 0 1. 11 1 .07 11. lI, I ..
1.2 1.18 1.20 1. 0 .2?, .
1.27 1.-7 1.210 .'7 1 . "

1 .1 1 7 .. 2 1 o. 1., i.

1.o42 1.'44 1I.42 I,. 4. 1A •.
.4.1 1045 1 * - i. 1) 1. : 4, 6
1 . j 1 4 4 1 .44 1 ,f . I. ' i

114.6 1.3 1.7 I.. L.
I. ,1.'47 1 .47 1 . 3. 1 1.

1.0510 l. l )11. in 1,1 0 I.1 ". . "

,1 I•1 b 1 Z1 19 bo 1' 1 ..

"'hA:. OF 'R!S: 1.39

T11_ Ot. TARGLT (SECS)

1U,78 11.u8 1lo )o 12 ..9o .. 'I 5115 5 l ,6l 7 .' 4', 1 .

17.41 1,S. -t6 1-)31 20o19 uS . 1
2 2 . ),i 2 4 ti 21, 0 7 24. 12 7

2u.12 " 26. iU : , 7
3 50.47 1.317 31. 2 31., ' , ,

33.81 5t. h o27 37.: .!' 7 ..

3i".37 4 ..58 4O. 'l.Jb5 q 1. '-#It
4.o52 i9 45.06 ' . 4 -f 4 t,

4:1.45 #a b j 4 1,74,  4 b.,2 4f. .

')2 4o b2 b2. b D3 . (2 5 , 4 1 .. '

202
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I.Y( test 10

'i JLL
;UM UI S1,.E WAV[S FUPCTIUOI

rM, ¢VALUE )F EmkR)r
1.11 I. ,7 I.,7 . •

1.23 1.6 1.10 1.21 1.26 .?
leib l.lb l.1L 1.16 l.lu i .23

1.2) 1.21 1.2' ,  1.22 1.27 2
Il 1 .1i 1.2L 1.27 1L I.1

1.2 1.2b .2 1.b 1.61 J .
1.31 1.27 1.2u 1.2, Io*_ .*
less 1.53 1 .3 I. 2 1.5 "

1.30 1.29 12b 1.2h 0.2

1. 3 1.54 1.3 .33 1.1
1.31 1.31 1.32 1.51 1. 3 0
1.30 1.30 1.30 1.,30 1.2 1.Lc

1CA OF PR;S= 0,96

T1 1CJN T ANGLI (SECtS
. Gb 0. I 1 7 2 .15.'.•-

7. 7 71
9.8 E Io 1u. 1 1. 1 'o 4, ',

1b l 7I116 7t) 1 7.11 17.J ,.

I, .S I '1 6 20*4 1 20 . 51. [,

2 5.b 24. 19 4g .oj3 24 ."o ". ',

7 1.8 2 t.-90 U 9.92 b9 0 63: .

3 .0- 32.07 36.07 33.20."
I # .6 5,).09 5,f,oL 31.0c 3< .7' 7,'

'U .22 '.1.26 4. 2s '. f, 4 .4.2 1
.2 1.' 1.74 5 .8 5 . .

..2b 5 E) 5 .12 55.1' u.l 7 .. 1
17 ro b 10.U 9 .13 1. .20

65.20 4 Z 2bG U .U 2 4 5 J .

203



K\ tekt I.

-4 JLL

h2.' VALUL OF LrtOR

1*5 1*

I *1'3 1.1 .2 1.1 I 7 .

1.10 109 1.2z 1.17 .z

1.1 1.8 1.1. 11L1
1.1 1.0 1.12 1.6112.k

T IiL ON T A G C I QLCS)
00 .91 1., .. .C

o o6 37 .6. ~

7 s 2 n02 .~ 1,4h 77

3i 3.. . 57410

4 34 0U9440. 7, G 7.7'i*P

4 -s. .246 3 0 D 4 0
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>.r< utst 12

" ILL
,iUMi OF £1C AVCz, FUCTIO'l

K<MS 'VALUE OF £Ek, 0,H

1iJ , 1 115, 1 I 1. !.0 7 . .

1.0 1.02 1 1 1? 1. 11 1. .1.G 17 1 a I.0 I . ;L 9 1 * I

1.1) 1.22 1.- 1 1. 1 ' ,
1.21 1.19 1.17 1. 1; I.i *

I T 1, , u I"-C1) . '1
1.217 1 19 1. i. 1. I.1 I
1°I .161 7 14 1i 71. I; b I ' .I

iIJ~ I 'I 14 1,U1• .. 1 **I'

II
2 '. 0 25,32 ~. A. J1 :

2 2Iv.2 I , 7 1 1 17 i 7 b I.- • b"
SI7 1.h 1 ;iu. o U21 ,o 12 . I
4 2. 17 !.1 1 Z5 1.. I 2 b

4 Ji . 2 4IS 1.12 s

4 .77 1 3 j6 1.a 3. ,, 7

D.Z.)4.Z 412 7. , .Li

2.2 0 a. 12, ,0 .147.,82 t
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KK test l5

l OLL
U,.jF I L wAVES FJNCTIIi.

KM VALUV- JF ii .r-,

1.0 - 101 1 .0 i .1 .0'.)
1.0 1.07o 1.u I. ,  1.5 I I:

1°0 1.02 1.01 1, .. u.
I.Ou 1.0 1 .02 1i 1 .I
Io1.01 1.0 0. )7 1.

l.OC 0. 9 1.0 1.jl 0.1!'

1.04 0.99 I.Ou i.Ja 1.L1 -2

1 .0? 1.01 1. 1 1. In 1.9C .

.IA i PIS 1.003 ;1 1

1.0 1 u2 1 01 ° .'1 1.1.

1u2' 372 1L2 u92 1 10 u2'Iu.

1.02 1.01 1 u. 1 1.

T T U I41A R u T E';C..

t). b. 7. t8I,, outb .. ,

12.7.' 13.71 lq.71 1 .74 1
18-..+1 19. 41 20.* 9 21 .t i '.2 I " • U '

24 .06 2 n< 2 .12 2 .1L 27 . 2 2 ,. I -
5J~ .d I1a17 3 21.' °14 3. 17 .1"0
3. .214 37.20 S.3Lo2n .59. 27 4, .2 j .. 2
4+2.2b a .27 44a.3 1 45.z -,.5 Z,2 -

* .5 3 : 5. 8 56, akl 57.-o -7) g j
* -,j " bl6 1 1D2o.UD :)3o J5 , ..

65.. 23°Z u 7.2,, b ob . Z. : 6
7 J.e2 2 7 1,*23 7. .e23 73. -3 7.5.++ 3, -
7--.83 7 u. ob 17 .ot 76i. 2 74.t+,, , '
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ME test 1L4

i OLL
SJM OF SINE iWAVES FU.ACTIUN

kIAS VALUL UF ER.Jr,
L. 7 1.37 1.12 1 1
1.00.5 1004 1 .U I. I~i .

1.07 1.0.3 1.0 U.E, 1.0 .
00-9 0.96 1.0. .OS I.01 .. .

1.04 1.02 1.0. 1.31 J. 7 1.U1

I.02 1.00 i.ul 1. 4l* .A. -

1.02 0.95 1 .01 1.03 1.01
0.96 0.99 1..01 u J7 U . J. .
1 .00 1.00 , )"9 1 3 U.') ] L 2
0.9b 1.01 1.1 0. I . .9- I. U 1

1.01 1.02 1.00 J. )6, 1.0...
1.00 1.0 . .9 .Oi .
U.9';, 1.01 0.99 1.1 l ..f7 Lj i
091.1 1. 00 1.0 1J .C2
1.00 l.3 o.01 i. &..01 ,...,

,:!Af; QF PR..S= 1.00

I I IL 0% 1TA,\ T ( .EC") A'T
0 . t) .-

6obi 7. o 5,o 0TJ' 0 6,I i. 6
12o t;6 13.66 14t . 7 1l:). 71 7t T i .71

1 .70 19.25 2 i.2o ) 21..8 .H2_  .
24 .30 25a3.5 2t. , 27. 2..57 7
30,37 Sl.57 3..3 ). -,0 3-* 5 .

4 o. 49 o b2 4 .5. :.i6 j " • .
4 5 7 55.62 ~ u6 1 7 -. o6 K

b7 1 b a 67 61.11 72.t-. • ,.

72 66.50 u 7 .7 bL .n I I.5
71o51 12o6 ) ! 76 a S2 7,* 7 7 ,e 7 .. 1
77.60 7b.52 7.22 10.22 i1.2' . 7

*a u d 4 . itb 85.ti 7,
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II

M~q tt. s t

-i J .a, :4 a. ..A'1&S rU LTV'

4':'' • ," ,4L..4 JF • ' - .a I •
'

1.47

I .3. 1 ,.* 1 ,."1 I 1 .1 ." 1 - .

* 1.24 1 .' 1. 1 *i . . '. I . ...

SU.

, O r • aj208 .4

l.a-S- 1 7 . . i•'

T I M .. Ou r ,  I A J , I t , , " ,

I ,* * 1 , ' -t * i *, . ..5 i i • " i .7 -*" .

L',o v I ,,')i i' ,v5 i .1 7 - "I, ,

-'.- 4 ,' , , .,,'d ,. . . . .. Z

.: -, U- 2) " 1 .. a' .1 , , . -1 .t u
4.o- ,,IU., o; ,..--;.., . 1,, : "

208



K MM test 2

4 )LL
, .4 1F SI . , JEI.. P ICL I I U

jr SILU: FF _*4< [ 0

' 77 1,i 041f1. l , 1

1,. 1 ,.3 l.O l.,J .i . , 7

1.23 1.Lv 1.).

9i .1 J •
tOu c.U 1. 7 . ' " "

0- jOu i u o I .
l. u S. 15 0..5 .J7 i. • '

L I IJ l 1u t I.

1.07 i* ',' IU7 I L .....

1.0 1.07 l.ut. 1.j7 1.u

1,0 1 37 .U i .,.U- i, -

1ad1 0 1 0 .o -. 7 -1.,

1I'I. N T #G .. l (a,..

-4 I , '' *2, " 1- b 14t I - ' "

, 1.J..) 2U, * 1 ..76 ._ * s' ., ' ~ .,

2 7.0 .u2 . j t.

7051 1.7 1.71 V*. 1 1.7. 1.

I z i U q2 
.

4 -) U'. , .t • 'z 2 .I,

94 ,,:3 ") . 2b . T, RG . I " . (' "

U.O ! .l u2 .. Z. ., ',. L :.. '- -.4"

. 35 ,-7 .76 7 1 , ' .?

7 , 1 7uz 1,3 72, 7-*J-. .
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M 4 test 3

K( )LL

S 1 .SI E Av FiJ, 1 , C1 T I

S•.' : 1. u
c u

oU J,1 1. 

I.33 1.uu I

10u I,2 1, J

1.02" 1.31 1 ol 1. " l.al

l. bO )ul O ',IJ J ' .

2.u 1 .]l 1.U"

07 o G

12.41:0. li u 41oJ . . .

4.O16 1. 1 .15 . 1......

I. 4, b,01 1 fOl L • J ,- ".

u1 - .. 2 8

7~ 32 .

210
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MM tesL 4

,j:1 it- sI Fw4rI I,.

.30 I. .o - . 1. . • 1I
1 .1 1 1 , ' u , 'J . 1 a-

U+' L ,'t ,U i '.,

0. *6 Ji L. . ,1.C ,' t. J . ..

u. 9 
o00" O U .'3 I. J2 V.+."'

U. .7 7, L

I, GoU u L)>i ( l L ''. :

1' *6-1 u~:: 2'.u* ,

lO1 . ' ,.'2 i, i *'s 2 .. 7

1 0i I 1 , .

IL , F ;Ai">S : 5 '

7"l -, l ,i. P. A . I7.
L; " 4 . T - 2 u : 2 U , • 2 7 ' ",. " .,

S211

a .- , - .- - - ---

5 +. (I *"_ 1 , It I. U''• - '" :  
t I•+

h +• + .+ +u,..6 Z, ,. ,•,.. ..

7 U . b,.i 71 . 1l 12 6 t,, .1 7 r, 7I -. u•'.'

7 1.•/, O 17 • 8,l 7 7 j 7"- 1 5 , 3 7'

3 2 . 77 33 5•U , _ :,_ ,. .. I

2 11II i ....K ..... . ..... . . '



4-

viM test 5

.)L L

u.Ud 0.19 U.Ul 0.. 91~ 110 -1I iI. . i

I. 2 '2" . u. 7 u

O u. Ub U 97 1. J:)

1.0- 1.0.) X.(J) 2 1.).. !.
u.0 0~b 4b 1124 1

• . j -j 7

1.U 4 •I u02 1. JU 1,O i.

0.u rs1

1.0I ~ oo 1,101 0,J 10,1 ,

7,Us .9 1.01 10. J l.1.

1~ .- '

. . .1. .

, 4 .l uU u..b I,,U

U
1

Mt- ON IARG T . -

U 13 t)b4 0 O~ l1i I

2 ~ ~ U 2 u23b 271 3 *"$ ..; 7 1 .

1T2 1 . 7 i.i,

, 71.2 7 .2 1 9D 7o4

7 . 0 "1.3 u 7 ,.i 2

.9 Ut U

212



MM test 6

r( LL

U1i U F SI \ .AVE, FUACIOA

iulS VALUK- OF
1,0 I * 1.91 1 * I 0 1 U. '

1. 0 1.U 1U U.-,j 1 u.'
1. 0 U 1 O.o 6. 1 .31. 1 u
1.02 1.019 U.0- 4. . 7,
1 U ;.9m 1..0 7K.1. f l 002 d,, -Y 1*07 . 51

1 0 1 0 .1)6 0 i I I C .
1.0U 1.u U .' 1. .J 9.dd 1 . .0
0.9 ) D.- • "o1. lobbO !.u -.

1~q 0 JI.q u ud U," "u ,. 1 u
U .{~ 9 0 ,99 a 9 b I L, I ,, I ,

1 u9t CI u 1 1 . u 1 u- U

0.'.9 U. 1 * .. I .

1 r4 (J:, IA, I r ,LC,

I A I . L C.

9!. 75 U7 ~ .1
7o, 10 31 1*', 1 .1

'4 Co t], Objl .dJ' . i J' -: " ,L • .*

,' l t b~tjl ~ ,' - l:: 7, .1.

I;2.71 l3.lti l'4.7a 7)."~U 7.61 / '. 7

213
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MM test 7

- ULL

Klt' V ;,LUL or

I. 1. 77 1.57 l.," 7 ,

17 1 1 b

1.01 101. 1U 1. 1 1..1 ,1 
1

1.12 1.17 1id 1. l i.l. V,

1. 1.1 5

F 1.14 1.1 - I. t l. ' I

ipi 4 iN T R, T ( &LC)
J. i 1 / .

1. -7. .I

d.7L 1.71 61 1 12.i 1 ...

bIt.14 1.41. t,. 1 4i . iI

20.5 I . -  2 . ?i *. 2 . 7 .

7 1 t. 1 7 ILI .s).. ,

,2 24 " 7 ....

4 .. J o,, .L:14 i 94 S4+, 
" ' '



Mm test 8

R( ILL
SJ4 3 l'E[ WVES FU12T I j

i4MS v ALJ- OF t"r(,r
1) U I,.50 7 'l 91; 1I ,0.'

1.1 1 .u 1 2i1'

1.l 1. l,.5 1 o 7 .

107' 1 U ej 1 .0 I uL. i .0
I, IiU7 I.,. 1 .11 1.1-

1.0o 1.oiS I .42 I *d 1.-,ic; i .1':

L,0-i 1.ud I if,' 1,0 1°0; ,.J

1, / l ub l,6 o u- . ,

lOu lO l.o0i i. u6 1.O'

1,07 1 Uj 1 o u71.Gu
I O. lo I jO i •0- 1 u'U JO 4 0'

71 7 1.d' 1.J. ,u 7 1 v J 7

1215

4 _ _A,AJ F !A"4'; : -. 0 .,
i~~ I M- 0,4 TA RS T 3 Z'

.4 0 l~ l'. 0.21 2 1.l!2 .22, ''

64 2O ,.2 -'' c1.75; 2 ."

oU b 51. b 2o k;2 -j o :7 '. i

7,, ,3 l 23 b 9 .07 b3 t 7 1.I f,

I o 17 7 ,i / eD Z Uo 7' 7) .21t I) 7 '

71 . -1 '1 . b 7t .7 b L6 .L ' -1 -' 3

= =. .. .



MM test 9

'l OLL
(1,1 OF ' l :.L w4VL.:; FUfiCTIO

11 2I I . I I J .

.UU l.L2 17 1 1 ..

1.i I.j1 . A 2U. U I
1 00 j. ".49 U + . J. U L,
Il b u d. LU 6J u -7 1.1 u

j .9 0 •06 0. . .), 0 , *

0 1 U" ), tj 1 uO u, I L; 0, 9

U I.u1 O u J I
I O L.iOl 1 .01 i. u l U i J

I .I 1 I * 1 . 5 1
I A ) F : 1 . 8 U : U5 

ij I A i ,'
0b b 6J n u: , 6I :L ,' .6. u

L. 7 . -10 6- o S.J U'. ,•}
.". , '. I t 8 1 c-,, It , . 07 . 7

216
b -- )



:JLL F l l 'Y4

KM V ALUf OF L413 1; 1,

2.77 2.u5 .. 1. 7
I 2 l)2l~ 7 i IJt. l.'i

1.. .

1"'

1.2l 1.36 l.11 i" 1.1 1 17

id

1, 1.17 i.X7 1. i..

1.2J ..71 .1 )  .1"" .1:1

1..i.1 2I . A :.L:( ,. 11

u .7u .1

I,,21~ ~~~~~, H~611 . 7 tl+ I.

.I 17 1,1 1.I 1 -'.'

2.7L 15 . 3 i , i . . '

G,4 12

o - , . 4 , * 4 1

.1 -L -0

t t) j --,)5 7 u .

1 77 7 7 L:. 
,

217

,.G
"  i~~~~.2 2 .+ Si 

: '"'
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MM test 11

JLL
3U' )l . : 4A'VL FU L'TI ;..

r1 IS V ALUi- 'W I

l.'.'b i.'5 U.1 1. ' , . ,, 7[.11 U . b 1.17 u. Li*v .3 . .

.,j*lq l.I 1.11 1. 7 . + .1

1.1 0 2~1 1.1 ... u
1.i2 1.0', U.I 1...

1. ' l.u 4.; ..: u oU, J .4,
1.014 l.0 G . 1. ,. i

1 0 uI 12 1.. Liiu

I.0C 1.02 1.

1.t 0* 1 * I . u u * 1 G ..
i.34~ I. L; I .j: I.1 I. ' ••;

i-A; 4 F .d<.= i.U'i

i~ Toi .. T t -L'
j *C,5 J... ;.-', "", ..

3., . .$9 .t9. ,., ,u., 9

. .4'. 6 7

7 .6 7 7 c, .L 7 17 ., iLi3. 41 12718
, e . 2J, .~D 7, . ',.q,

218



MM tU~t U2

£ ' LL F LL ,

1 1 .1 1 * .2 , .uF u . . 11 ..

S. 71.

,<;I. 1,0 .. . t, * .i. ,

1.. .U2 i.u 1. ".J:" *

1.U5l I. 3 .J:L .. .

.. 0,. 1. 0

1. 2. ,Uu

*O I.L ; 5 I. [i *~ 1., ii.. * '. * -

I' Li S L I;

1 0 1 , I . .

U* U

I..j l .- 1,4 .*." i I . ', -I "2

-' 17 2h €b.". li, J" ,

7;.O 3L) 1' ?' , i:,.7 ,.

7,, 41. 35<' 1-.1 1; S , 5 ..-

1',.,o 7 u.c'b 77.; 7 ,.1 7 . 11. ,

o I ,11d .2 u5 Z. -.1 0- .i: t € 7

219



MM teot 13

- JLL
S 1 of J , $ '.6 A VLS L 1 ,,F .'j ,,

,\MS VALUL ".! L'.'',,

1.11 U.Y# i 1 .u7 I..'j J.-, /
*~~~ A L U f 1.u

U .' 1 ,'u I. K b. , ,, /

1.00 U.'i. u. J. '7 1.91 -

I .Uu 1 * u u U. 9
k. . ,

U O U * .,9 1 ' , l ,I ', *- • '

o * 7 U 0 O. ). 4 .

u .,)7 u ,, b 0 7 k. I ;,, b ,

0.97 j. A9 0 .'1 9. 7 L c . "

JU*0 U. )7 U .- 7 . . L.

i AN jF S

IIIl I N TA Cr I V:ri2'>)

U. I .

1. . I

47 D 0d b 1".5 qu. -' 45 .7.

7.7 1J, 1) .72 ")U. 75 ,

78 1~ -4 7

7.1 u./ U9 7 7tl 7 t~ /" . :

'-2'. I o.h.'17 3d .U oVU • d27 2 .09

220



:-.M te~t 1 4

o(tLL

i'J J F I 'i -AVLS IUNCTIJN

i(Mj V i.LU& OF t, ,

1 .JV J. 4c, . ;. ., ..

1.0 U.:' d.9: - ,I ',
.1.02 .0 . ..

J.97 1.02 1iuO I ,, 7 . ,
1.02 1.0 9u•

U .0. L46 i .0 , 0 '4 '7, ..'-,• "
0.9,0 .'7 J. 7 b3 )* +. "• ,
0. 5 . Pt 1.2i u.'+/ o '.,•"
J. , 0." Is Jc O, 'LJ '"

0. b 0 -. U . .. ..
0.),O J,;. , J *I . '1

'I'AN L)r K s M 9t

0*9b 0 I1q . 0 c

7.O0 d.* 9 i. . 1 I. .9 .JI .

1 3 l I2#. 19 .1 •

25.34 20 . 7 27.5 h.j.

51055 .,5 2+ .4" 7". , 4 8 ' +I .. ,

49.73 U.1 7,5 t. 71. I . .
55.79 569.42 7. HJ3. L!r",. ;

61.86 62o 50 c 3 '3 u 4 0a7
b8o00 b .032 7 .O l u . U:: 11. .'
74.07 7b. II I .U7 77.11 7,,. 1

80.16 81.lb b .a17 P ..a :-11.?1 "I I
d6.21 87.7 .2 0 9 . 00 .5:
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RL tet

S ,LL
- 0t F S I SNE jAVES FUiCTIUi

r,MS VALu 3F O . I J<

1.1 G.18 0.91 1.11 1.3,: . 1
10 . 91.25 1. O1 I.1

I~ .3_

1.52 1.31 1.61 1.', • .,.

10.2 1.40 1.53 1. ,.'

1 2L 1 *.0w t4

1.32" 1.37 1.35; 1. ". 1.3"7'.

1 .,7 16 31 11.37 '1 *I.

1 o..57 1.36 1.3i 1.4 1..
1I.65 1 0.-43 1 .34 1. 6' 1 7,.'

T JAL UTAKJC T N ECS

Vi .3 OF 1.3 7 i. .. 7 i .5 *. "

u~~'I e-,l--

4 .S 5.,.,4 7. ; I i.j .7 f 4.

Sio~ 8.86 .9 1 1.j *3 .7
12 5'4 13 • . ' " . .

2.0 5 1.931 7.U2 !. 3 77 .2U27
~ 7 7

7.12 S_. 72 39.9 ]0."7 ! L"

i.1 .5 - 3 i4, " d -t 11 . I f, ', .oL -! 7

4 . 45.it6 4 u. 7 9  46.'5 47.9f

1.1d 2.81 .52 j4. 1 "  7
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RL test 2

I ,LL
'-j14 OF SINE WAVL'4 FUNCTION

t MS Vt LU (iF rK N ,
1.57 1.17 1.4', 1.5. 4.4 1

.... ;.Yi. 0* ._ o , ... ,, *. it_
1.O 1.1 1.11 1. . '.i7
1 o17 1o1, - 1_ ~lu 1 .I,' i. :1jI . ,

1,11 1 . 15 1 1) 1 1 1 * I 1 '
I. I i (1I1 1.1 1 1 1 11

o17 1. 10 1 .17 1 , 1.1 '

1,*17 1,15 1, 141 1 !.1I i

I.14t 1 .17 1. 17I I 1.71
I.11 1 16 1 .1ol1 1 1 Lt 1 1,

.; 16 .18 1 1 1 cv 7 1 1

Le.C 4c.3t8 1'U 17~u 1. .1 1 7

1o17 1.16 1.1b 1. 1 1 .17

22IML 03 IAK6LT [:f C

6.21 6051 7. 3..' '.." .. 1
11 5 1 1 12 .9t 1.5." 1q .5 6 1

1 f, 5,4 16. ti0 1 7, . ! t3 u + i

2 ,0J2 7 U03 27.+_ o.18 , ,. I '

if 6o05 46. 38 4 i aO U ~u I, .c I t

b5,2256 o19 6. , 5t'.t2 )I., ,'.

6,1.00 ,9, f . ; l ,P, 7 7 1.-7 .. ,

2+23



1 L tes t i3

M dLL
U'i OF S I,E -AVES FU.ICTION

eMS VALUf OF LRkH ,

.9. .127 1 1 1.u . i

I * e 1. 2b I.II I o 1? * it

I 1 1 3 1 11 1.0 1 ".Ilol I i 1.1 1. 05 41' I I

14 1 1 .1 14 I.1S '.1/
1.17 1.!7 1.17 117 1.1.

1.iL1 1.1 7_ 1. 1 1. 1

~l o, 17 1t I1 5 I, 1 •

1 1 1. 1 7,I 1-I0 1. i7 1I. I , :

1 .17 1I I7 1 .17 1 1 I.U k)
.. . ... I t o .. . . .- - i . -- - o .,! . . .-. - -~i , - 1, 1 .I

1.1 1.19 1 I1. 1.

ULN F 1#16 oI

T IM L UN, T AKG-T ..- ZI

4.7 1 ' 6 s97. -6 l. .(1 b 9.

50.72 51.7'* 23,. c3.t 2,'4-" .,

It. . " > . . 14 .,

65 .72t 5 1o 7d 2 ,1 , n 6,22 4
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RL test 4

,\L L
114 OF SJ NL wAVES FJCTIUN

KMS VALUt. OF t-kk,'m
1.15 0.00 1.'4:j 1. il 7-.7 1 . l
_ . ,1.04 U._7 1.11 l.Jr .

17O 1.152 _ I.lb l. IAI;. li1.23, 1.02 I.J 1. 1 1. I' 1 1

1.17 1.21 1.2 1. 11 1. 1 1.1,
1.27 1.15 1.1u 1. 1, 1.
1 .5 1 a 1 i i1 )  1 1 1. ?I 1 1i
1.14 1l0 2 1 20 1. 1' 1. I, •?
1 .2u 1 z2" .I1 e I. i' I . U .'

1.21 1.20 1.21 1.'0 1.17 1. I
1.21 1.20 1 . 2uu I .jL, I ,I"

_~d1 1 Ii : '..171. I•i.

A<A N OF RYS 1.17

f IM. ON fA G:. I LC.
0.96 2.01 5.0 .'t. L,.UI

11.5H 12.b 3 15.t.'. 1.5 .. ,.

1L0, 17. 10 1 ,. 14 -f4' 1 .

20.0 b 21.u9 22.U9 :'2.i7 '., "
24*44 " e Z .02 . l,;.

5 3-). :4. 1 J ,.'1 I "

S* .~ 11 '4*61

47.9d 5U.j '..32 '.* '7 .. ' ,, 1 2
1 73 :)2o 14+ UJ 7(J Y, 'IL.,. /

u1.0? b 2o06 66,00 i.'. 00 b'
6 u.Ol 7.03 67.72 1 6 %.7 7 •*
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RL test 5

-( tLL
)m4 OF SIN E _AVES FUNCI ION

IIMS VALL UF- I

1.53 0.96 J9b I. I I.

1.08 1.05 1.00 1. u' l.11
0 .9f 1.05 1.09 1.ul 1.1,
1.I l 1*I. od I. 9 u. -t)1 .lu

1.01 1.12 1.0O 1. l.1' .
1.154 1 1.11 i.0 1 11. 1. II-
1.15 1.12 1.10 1. 1t, 1.1" .I

1.17 1.14 1*1 1.17 1.1t 1.17

41LAN uF S 1.12

JliL Oft TAiRGUT (S-.C )

O_ _ . 2. 1 ... ... . 4 a.7t
1.1_ 1 .O4 I_ .__i I ...

1 1 3 1 1 1.IO l,. 1

16,' 1 . 15 1,. 1 1 . . g. l' , I. .I

j7 226.$ 11. 17 1 .1 17
13012 1 6o069 t1.t91 81 ., 1, .9 1'

1 1'.21 1 2 7 13-d 1- '+ . 1 +'. 5 h7- :,.
1 0: 17 0l a, .0 1i dH b1 3' 1 2 b 1

2t,.90 67.2 14t,2 Pi 7 5 ......

1 366" d 6 -4

6 t)a 4 36 b2 70 026, 6 I' 0



IRL Les u6

iJM OF SINE WAVEs FU"N.CTIJ',,

HMS V iLLIt OF E-H I,
I1.5 1o.57 1. oI41 ,I 1 ., -4..

.O ~ ~ 4 12 o 1... . --- l.II . . I• 7 1.3 .]

1. U2 0.'98 1.11 1. 0 1.uI .I
lO 1. 02 -. a 1• 1.01
1.O fo0D 1l U aU7 1 , I ' 1 LJ" t:1

1.0( 1.09 1.0' I.LI .L , .I
1.01 1.1U 1.02 olh 1.U

1.0 I I 0 1,,07 i.1, . .

1109 1.10 1.15 1.u ) 1.0
1.14 1. 1 1.1 I4 1 . .

I.11 1.12 1.14 I.12 1.11 .1

I.*II I.I. s.I i.2I I I

'iLAN uF kMz I.U9)

TIML UN TARrt T ( 'AC' )
Qj_:i! ~ ~ ~ ~ L t. .. ... -,* . .. .. , . - . 5,u: - 1" u

".20 7 .26 "3 .28 9 .:t .2 1 . . ,

17 .1ijf. 1 u6 1 . 1. o 1 , I *. 71.

2 .98 ;23._ '3 2 . U •

P742 2h., 7 2"1.69 -.'. ,10 6 i 4

37.77 35 .82 L 'I 1.c 0 - . -17
Ao 13 4.o17 4 .a72 . 121 t,.

4 i 32 4 I.3 1 :j0 -'7 "1I 62 2';' -

5 :,.56 33. 79 4 7~ e 7, ) .>.
57.92 58.U " I.9 .,

b7.t1 66.47 uI 70. 'i; 7 . '.

75 .0.1 7 7 3 77
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RL test 7

K OLL
,,JM Or SINE, WAVES FUNCIION

iiMS VALUt UF f.h, H
2,,7 2.3b 1 ,,70 1. 4* -1 1 + i.-

I .b,, 1 + .132 1. u 1 ., .;
I. 1147 b v

1 .3b 1 • 79 1 o6I I ' b i 1
1.60 1.U.5 1 b'.. * 1 •

1.70 1oc6 1 .66 1 .S I.t i

1.61 l b5 1 .. ) 1 . 1. ',
1.60 1.u0 1.c61 1.,62 1.o :).1)
1 .5q 1.59 1 Ib" 1. 1 1.t) 4 !

1 IC? 1.59 1.62 1 1 6.
.b16 l.L6 1.b, l.h- .

1.(02 o~2J o . 2] t. .

"rAN OF PI ti 1.b

TIM-L ON TA L s -C
0 000 0.11I 1 .75 .7 .. I ,

0o ' 4. ' 1t 10 O* 7c'i I1 I .1 i i [

12.46 12. o 12.9, 13*, 0 1 1 ',U
15.03 15.2 1(1.24 17.1 "1, 1. 1.
1-.21 li.tj3 1p.7b O.',o . 't

2'~ 1U a,, *f , 4 L

5 3J.22 1 F/t(8; 4 . ']•'. 3 ,  . (

33.70 3s.b0 , 5.',' 6t. 6i L, 7

,'. .'09 2. Z 4 ,.. , .. . -
4 _____ _ ... .b.. .. .14 b.17 , .I

S t I2.3 .2. 2J . .24
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RL test 8

C CLL
1;UM OF SINE wAV_-S FUNCTIOIJ

RMS VALUI GF Lrrk.9
0.00 2.10 1.11 1. 1 1 .6

1619 1.024- -121.70.'

10 1I 10,9 1 i.* 1 .. . .,.

1.44 1.47 1 .'.t l * :' 1.4i It.i I
1 .4 9 1., I.4 I.1 1., 3. 1) 1,

1. T 1.42 .40 1.'1 1

1.39 1.38 1.39 .. i1 1.3:
1.48 l.49 1. 1.0 ) ",-

1.58 1.5 1.51 1. ,1 1.5, I .

1.47 l 1.bO 1.'.4 1 b 0

1 .4 1.46 .'1 9 1 . L 1 C. .-(
I e.47 1 4 1 1,_4 ,. ,,I.# " 7-. .
1 .01I•46 I .4,7 1 6I+" . t "

I"AN OF kF'S: 1. 4t)

fI M urj IArir I ( l

t; l 1 b*28 7. J''

1 1 . 7o 1209 13'.10 14. 11 .. I , i 1...

19.1), 20.26 2 0 . b 2.:. ,

2.'3o4 4 2399 1. 4L :1 4 '. 4

25. I 25 .. t2 2, .t0 Ii . l ,.',o" b 4 J-

28 .47 28.7p ,9.1' O..', 51.0-,
31.67 32.12 32.05 S .'..4-.' J 4S i, .43 963 72 . f,;c. ,.5..,, .

4 0.63 4 ,. b 7 4 1.72 2 ., i %. 7'
4q.998i 5.66 44.Ub ,7. *, 4 7.-, . 9

4 8.61 490.11 '.4 7 0 .' 2 'DlI.Sr I.,5

b2.53 53. 5 7 5 o t :.,. 16 r'-,.1 7 .

229



RL tesL 9

K GLL
$UM O SINE WAVOS FUNCTIUN

l MS VAlU i OF ERRI

1,*27 le 11 1 °31 L. I 1.1'I.
1.22 1 2 1021 1, 5 i 2

1.031 1.25 1.33 I. sl 1.2.
le.46 1 . 1b 1 .Q I. 46 b. 1 4,

1.01 ..4 100.... ± 1_ .4.

1 OF 4 2 1...
1.39 1 0 .b " . 't 1 1. ,2 1 . "I7 i."

1.72 1.32 1 .3 I 1 . I i.,.
1.45 1-t . 1 2 0. ,. .. 4

12.4 - SZ.6? 1 .. ;' ~ .

1. l , 1.4 7. •7 ..
1 94, 1 0 1 .43 1 .',., ', .

MilAN OF RP.S= 1.5o

I /Mt UN T A, R ' E i' C'

4436 too ,.9 1, 1i a 1.!e O "." :
90685 10.86 1i1o. . I'C'."5 1 7' o .,,

15 .5 14931 1Ito. 53 zS. 76 1 r" 2
17.58 -1 7 7 18 .2 19. 1i . ',: ,
2000"9 20./75 2 1.7?7 g2 7 2 . ! U.

~~~~~ 1L.fa ~~-

2 .58 290.d .5.
2o24 _ 3 .67 , , .6 34 7

56 9lt 3u. 19 6 1924 67a S. 37o77.. .
.5 9, 82 #0 3 't. 2-9 42. 1 4 .O ,, I

1 9 4 2 .6 8 '1 o37 ;3,% . C.) ...o.,
bb b l 61 1 1 d 57,17 n 7. 4 7 . o .. .4-
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RL test 10

R OLL
SUM OF S~INE WAVES FUJCTION

I M VALU; OF .Fr !
lol32. 10 I u: 1. 7 I

1.3 1.24 1. e z. I

1.25 .$ . 3I 3I I;,.

1.17 1 5 1 .15 1 * I1 I. •

1.0 1.9 1.19, 1.17 1.17 l 17'

1.A1OF l.i . i ~ l;

0.1 1.1 l.4 .. . I 1
1,17 1 17 1..6 1. 1 ., .I .
1018 le 17 1 -1 C 1i. 1 1.17 +.

19.0 1.19 1.15 1. 17 i. 1 7 17
1.In 1.16 1.17 . 1.17 1 .1
1015 1 *1b I 1 6 I , .I 1, 1

. ..lo16_ 1* 15 1.l i. 1i ".0 ! ,-

%i CA N OF 1' - .l10

TIME tiN IAkGi I E<r <, .C:

0.61 1. 6b1 .

4 b.7

.o3 . . . 10.28 1. 0 . . 11 I .

1..63 1 o. l b0.L 7 : 8 1 b . 51

1908 ,  20.7.9 _ 1 .It.5 21 . D 2 ..3.

3 .07 311.o 8 ,.55.07 6!3 lo> 6 .V , " t

4 .t , 9. uO 4,9 .V tl ' U .4 ,7

b Is 2 614.03 tb) O tj:, Ut.'; 1.

S3 05 2 69 .14 2 7 U 2 1 13 -j5 6 1 1 c .7
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R, test I 1

R D)LL

SUM OF SI, WAVLE FU.ICT1u'4

KMS V ALUt , K R Ir R

2.76 1.'2 1.70 i.-, I..i_,q _ ______ ._ 1. :t; v =

1.34. le 1 1.37 1.
1 .2n 1,126 l.lt I .b .

1.17 1.23 1.17 1.-';' .. 11

1.11 1.19 I.1 1. 1t 1.1 . 7
1.1 1.16 1.1). 1.1L .

_ 1.1_1.1 __ 1.19 I.., i.II:li

1 1 lb I . 1 7 i l i. I0 .2 1. I ., ,
1 16I~ 1.19 l.l0 1. 17 l1 l 1 ~
1.18I 1 .17 1 .19 I- 1, -, 1 1
1,*20 1. 16 1 .1I4 I-. 17 1 .2u .
1. . 1-. i 1.019 1.21 1.... l0 ,1. .

iEIAN OF r.,'h: 1.20

{IlM. UN TAk .I C

0 0. 1 1 .T - 2--- - .2 S. -- ---- .
b I b 1 21 7.-**.

1 .94 1 . 9 G /.1 SI 1. t-, 1',. 12 1 -1

20.46 2!. 59 2 3 643 IS 40 .1) .
23 Z) 2 60.59 2t~D 27. , 2".,",.,.I

29e27 30.?7 31._ 1 .
05 3 6. 5 37.04 !7. 74 3 7 .- j ,.,:

q 1 9021) J.& 41. u 10..'
4 o.8 7 44 o.3t) 1-.I Z3b. I ',I 7 . - .

47.89 - h. .39 4 0...
52ob7 53.t,3 ' 4.12 5b. 12
62. 53 12 12.9 Ls. .t 32 1) L4 .* l
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RL Lest 12

i uLL
uM Of SINL .. VES FUNCTIUN

RMS VALUL'uF LRK,
1.01 1.6? 1.*1 u U. 7 .o.'m I . I

.. .. . 1 _0 3 . . . 0 . --1 _0_ . . . .1 • 'o .1 0 .(

1.0 1096 1.05 .,
1.0. 1.07 1. ' l.u.03

1.b5 1.U7 1.J I. ri I.U", b
I,.. .i .u + ,;

1.05 1.00 U 1 5 1.u'

1.b 003 ~ 00L* ~ 1 . .

1.61 1. 3 1. .. - 1 .. .
1 0 l. 'oi 1. O15 I. 0,. k'b I ,

l1 0 1. i2 I . 2 I....1 ... I

IG .U b 1 .04 1. 6 l. I.,,

4dAN 0 F Plb I.U S

f lIMP_ uN T Ar(J' T L' ZC:

f . bb 7 .b: t,. LJ"uI . .. i .+."

. 13. .

2. .7,

2. 2 9 2 .S -2 .'1 .o 0;_, .0 D 5J 7 D O 't ' 14 7 •l o

1.. 7..i ._ ... '?_ t ... __, 72 7 1 ;71 . 7

7,+.92 7 5 . 2 0£. b7 .J . :
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RL test 13

( 5LL
J 0 < S I E V F UN. I uW

11 S V ,LU fh~

1 .- i. 0 IOi 1 G 9J . I
1 12 1i I " i.Q
1.1. 1 11 1 U9 . * *.J . £

I * 11 ~~~ .1 1 U9 >1*1 . . i l . . 1 -.
1.0" .1 O I. : .J . >. .

1. I Mo1* 1 * I A C I I * . U

1 b. 1 *.1 1 17 . , 57

b t 26l. t$ I .I . J . .

6.o ' 6 . 7 17. I. 6 4 .......

TIMI it: ACL I . )

-36 59 -) . 6

7 U .l5 8- . L I . 1 .J -.
3 54 7 , 5

21 2 ,' ;),,, + . +' "' .,23..4



.. . . . . . . . .. . .. . .. . ...n'
- '-

RL test 1i4

R OLL

R14S V;,LUt OF 'IR ,
1 .12 1. 57 1 . 1I I. 1 .

-. .. . ... .. . . 1 . 1 0 7 .
1.11 1.07 .. 1 ,.

1 . " 1 . 07 1 .G7 1 * I.
I 1.* 0 . 1. 111

1LL . U 4
1 .0 11.u3 1.0; L .I

-L A. OW , .. F 1.3ti 1.A .U

IIME 6N TA,"&Kl (1 .LC.)

1. ..u "M .. .. . u. 1 .t.5 . . .. .1 . ' .. ,

I I, I .1 .L, 17 . 1

S11 91 ' z .,2. :t ...' 6

5 7 . -

b1 " t. . : , 4 o

71.72 72.77 15 . ci L. .7 7 7 ..
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SF te~st1

K JLL

Um F- I ,.2r I.j V 1-U'IT10%

1.31-- IF~81.3 ~ ~ o77

1. .U 4.c

.iAlOF R1-*Z= 1.81

TIML uN TtNGET L ~S)f

1 1i 1241'. .J

I - 2 e12 2 u1Z .- U 2

5. 4t5 .1 J 1.1
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SF test 2

- ".Z "/ALUE JF ");.'

.05'

q'i1.52 I t . 7 7

T' 1 .E OR I.. ,

1.5 i. 
l.'J, 

. _. i - .. ,

-u l.- 1.) 1 i. 1 
. .o

lAI ( t, 6 1 5U

T i[lt ON [ A R di 1 ( 9 C. )

7 7 1r .

I o 1 2 . 0 ' 1 .lu " * 
' - 1 .

-b - .B U .. . - l . l 3 . . . " I _ ' . V?

lb ,7 56.~ 1'.L i s.1I
s t2 2. . -. J . k' .-'1 '.1 --

" '1 
*€ .

2 "  ' 'y 4 ' -' ,

.. - 4j- r-- .. ,-. . t,. - ---3I
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.L.t - -•

SF LOt~e

q,:LL

'IUM , .. AV1S FU ;CI .14*'

. . . 1 ". , -- !. "I..i2 1.. ,
k1 .v 1 , , I. 46. 4l.. ... I ,l b.T .. . .58: - 1.,'I. "l.

1, . ..... 1,- 1 4 , C1 '  1. 3I ""

OF 1.39

T I*, J~ 'i fA 8G T S LL'.

O~~~~tq~~~ -t 1 6 .... .I . . . - , -i. .

°,. b-o. I. , , - ~ .'17 12. 9

238 3

.. .. . .. s 6 4- o- . - S. '- .. . . . . 4 . :- 1 '

. . . . .1 . . . . . . - f .. . .. 1-, . . .. 0. 9 4 .. ... .a '1 . qc •, 14

4o ,7' 5 . 5,5 , o 7 '1I•:5' O . ,"
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SF test 4

i LL

JI' k VALJL CtL<']

'i .i 1. 2 1.37 '7 1.6', 1. 1?
3 1.1 l2A. 1. 1..

1,21 - 1.14 R -1-.02 I * " . U

I9

1. 12 i. II 11 1 ' 1 1
11 7 I. ! 17 -1 i._9 1~ i.

1. .1 7.17 1

- j - (j." ... ... . ,O-- - --. -! . . . ii .. '..... .. .:.1- .. / -

1 7 o., u.31 17..., i ., 1,. .

2 ". )1 *,. " 2 b. 5 ..'. . ,.t') "

;.l~ Z ... .- S 1 1 '... .... ,7.---.... ... r-.-' ' .- 1.. -.

.' ' I T 1 . < 7 T A 6 T. E , . .C- . . - : - -t J
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SF test 5

OLL
,U'4 CF S!Xt: ' :J¥V-'I UNCTIO°!. .. .

1 IS VALUE tiF ERtWF

S . . "' . .'

2~" .0. o .j"2.21 ".o.{0 '.19 2.. - , "

?.0v 2.T , .. .. 2.-t ... 2.1' *'1 !

,. II2. Oc 2 . J5: 2.o L,'- '.U U ,. .

?2.21 2,J6 ,..0 :2. J_.2,, .- .

,.).u', d, 5 2.0,t " , . ,

,..t 1o, 1- , . , .' 1-. i-

2 *1 5 2 * 1 2 .* - ,:* ' ;-'. , *.

.ll:A, l " RI..4- 2,0

- l i-' rIT.1------- , I.,..', * :'.-.

+- .o'-i .. ... . . . ~ 0.'i t 2 ,1-* 7 . . . , "'.' . , ' i

3,343 "I ..13 33.72 3l- . ',.-o'> : ,,I
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N)LL

7.)M OF SI% -1t AVtES--UMCTj-ON

R YS VALC-)F .;RT

1 -5772 ~

1.51 7. 1 46& - 1. 1

TI'll IN T ARGiLI .E

1J 094 1I11
11 If 1 . bz b 311j 5*.3

st~~: . 4

4 U 4 , a5.9 C 41o6;2.t
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.75 4

S2F' L7SL 7

5 LL

2 .7 7 - .7 1 7
..... . ,*. ,

.I 2.77 2.11 .t .11 -.

S•7,) 2, 7 2 7 2 • _• : .[

72.6 .. d5 2. , . '. ,

... --7 b -2o- .- . . 2. tL :..77 - .
-7p 2 .7b 2.7 *, 7' b' 7. - .
71 :2.7 1 .7 1 .2. i ? 2

.7-, 2.74;. 2. 1 .71i

:.:iAi, OF RIM13= 2.71

T IME ON TARG T (L z)
0.01 .... .. •-t............ . . .+, ..... I .tn: L'. " "

.,.1 1?.15 1 .21 .. "+ .'"
. ... . :. r3-3 "---3 t . . . 6 . : *1 -. 7. '

. 7.2i8 1 ,... I.36 L.'.

, ]._,4 13* I0 9- i. 3i 11 . ti 1i

z I 7" 12.I . .. .. -12. 1 .. .... 12. : i 2 .4+ i.' .-

9 ). U 17.,,9 17 061 17., a /o 1.f,) :. 1

1 vI54 2 1.2Z,9 2- , 33  22." J 2 /: .'I ?''i 1;.3,L - vo.P, - 14.1) dU.3 1 -U

4. :-_ 5, "0 " 05 b 2 , 9 2EP 12 ",.,4 9 .3./I* -a.~ u - ip 4 u
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S;F test8

i OLL

-- )C1 ' V.ALUL- A

2.44 4.

2 --2

Z.$20 6- 2 2... 1. i

. . :1 .53& 2. .2t 5 2.3'

22 .37t., 3~ .~

:.j %' fWSL2.34

~~ U1

2 ? ~ . 4 2. . . . & i~ U 2q u 7.. U

o ~ ~ ~ ~ ~ ~ i (J7 2b3b 2.P
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I
SF test 9[

"',UPM Ut" ISt "-VLS'UNCT1QN-....

- . , 1.7' i, O. l. .", J.: I .5',

1.71 1.73 1 7 1. . 1._'

- 1. 1 .. ... 1I6i....-. StF.. 1. U ' 1 ' . r
9 1 . .1.4u 1. ,

1 . 1.. 1.7 ila 7. .U

1 *66 1.> 1.67 1 1 .67 "/

I. .1 L 6 1+ 6 --- : . . .. - ------ ?1 . ,

I1o76 1 071 1 .7d ii ,i .

171 ... . .l -tt 1..... o -7 - -- .. .. 1 ," "1.71 .. :

70 1.59 1 *69 1 71 1.0 7 1 1 '

1 .71 le.72 1 .76 . 7j I .7 1 I

'Al l[ r)F R,'.!S:- 1. 69

II AU ON T AGET ('IC',
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